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The object of this investigation was to determine the effect 
of inclination on the heat transfer for saturated film pool 
boiling from a flat plate heater. Nitrogen at atmospheric 
pressure was used as the test fluid. The test plate was oriented 
at various angles from the horizontal position and the convective 
film coefficient was determined for each angle. Tests were 
conducted for heater angles of 0°, 30°, 60°, and 90°. The 
heater strip was placed in a container of the liquid and was 
heated electrically. 
Heat transfer results were obtained for plate temperatures 
ranging from 100 to 800~. 
As the angle of inclination was increased from 0° (horizontal) 
to 90° (vertical) a uniform increase in the heat transfer co-
efficient was observed. 
Good correlation of the data is achieved by a slight 
modification of the Berenson Equation. 
i 
ACKNOWLEDGEMENTS 
The author wishes to extend his sincere appreciation to 
Dr. Harry J. Sauer, Jr. for his leadership and professional advice 
throughout the investigation. 
The help of LeRoy Tipton in the machine shop is greatly 
appreciated. 
The advice of Dick Smith from time to time is sincerely 
appreciated. 
The constructive criticism of Dr. Efton L. Park and Dr. Virgil 
J. Flanigan is sincerely appreciated. 
The help of Paul Shank, Donald Goodrum and Robert Vorwith 
is greatly appreciated. 
Thanks go to Jackie Smith for typing the manuscript. 
The never ending encouragements of my wife Judy and her under-
standing and patience throughout the past two years is deeply 
appreciated. 
ii 
TABLE OF CONTENTS 
NOMENCLATURE • • • • • 
LIST OF ILLUSTRATIONS . . . 
LIST OF TABLES 
I. INTRODUCTION • 




. . . . .. vii 
1 
II. LITERATURE REVIEW . . . . . . . 6 
III • DESCRIPI'I ON OF EXPERIMENTAL EQUIPMENT 
IV. TEST PROCEDURE • 
V. DATA REDUCTION • 




VI. RESULTS . . . . . . . . . . . 30 
VII. CONCLUSIONS AND RECOMMENDATIONS 





APPENDICES • . . .. . . . . . . . . . 
A. Experimental Data . . . . . 
B. Statistical Data Analysis • 109 
C. Thermophysical Properties • • 120 




CAPITAL LETTERS SIGNIFICANCE 
A Area 
Generalized Grashof Number 
Current 
Thermal Conductivity 
(Nu1 ) Nusselt Number Using Characteristic Length 
co L and Considering Convection Only in Film 
Boiling 
P; Generalized Prandtl Number 
Temperature of Wall Minus Saturation 
Temperature of Liquid 
Temperature Drop in Transite Backing 
Voltage Drop Across Test Section 
Thickness of Backing Material 
LOTt.TER CASE LETTERS 
g 
h 
Acceleration due to gravity 
Gravitational Constant 
Heat Transfer Coefficient 
Average Enthalpy Difference Between Vapor 
and Liquid 
Latent Heat of Vaporization 
































Equivalent Thermal Diffusivity in Film 


















LIST OF ILLUSTRATIONS 
FIGURE 1 - Typical Boiling Curve • • . . . . 
FIGURE 2 - Nukiyama's Boiling Curve . . . . . . . . . . 
F.IGURE 3 - Schematic of Test Set-up . . . . . . . . . . . . 
FIGURE 4 - Test Plate • • • 
FIGURE 5 - Heater Assembly • 
. . . . . . . . . . . 
. . . . . . . • • 
FIGURE 6 - Test Set-up •• . . . . . . . . . . . . . . . . . 
FIGURE 7 - Plate Temperature Correction Curve . . . . . . . . . 
FIGURE 8 - Backing Loss Correction Curve • • • . . . . . . . 
FIGURE 9 - Heat Flux Results for Heater Angle of oo . . . • 
FIGURE 10- Heat Flux Results for Heater Angle of 30° . . . . . . 
FIGURE 11- Heat Flux Results for Heater Angle of 60° . . . . . • 
FIGURE 12- Heat Flux Results for Heater Angle of 90° • . . . 
FIGURE 13- Heat Flux Results for All Heater Angles • . . 
FIGURE 14- Heat Transfer Coefficient for Heater Angle of 0° . . 
FIGURE 15- Heat Transfer Coefficient for Heater Angle of 30° 
FIGURE 16- Heat Transfer Coeff~cient for Heater Angle of 60° . • 
FIGURE 17- Heat Transfer Coefficient for Heater Angle of 90° • 
• 
FIGURE 18- Heat Transfer Coefficient for All Heater Angles Along 
With the Curves of Chang and Berenson 
• . . . • 
FIGURE 19- Modified Berenson Equation • • • • • • • • • 






















LIST OF TABLES 
TABLE I - Boiling Correlation Equations • • • • • • • • • • • • 16 
TABLE II - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 1 • • • • • • • • • • • • 50 
TABLE III - Corrected Data and Results Tabulation Sheet -
Test Number 1 • • • • • • • • • • • • . . . . . . . 54 
TABLE IV - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 2 • • • • • • • • • • • • • • • 55 
TABLE V - Corrected Data and Results Tabulation Sheet -
Test Number 2 • • • • • • • • • • • • • • • . . . . . 59 
TABLE VI - ~erimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 3 . • • • . • . . • • . • . • • 60 
TABLE VII - Corrected Data and Results Tabulation Sheet -
Test Number 3 • • . . . . • . . . . . • . . • 64 
TABLE VIII - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 4 · • • • · • • • • • • 65 
TABLE IX - Corrected Data and Results Tabulation Sheet -
Test Number 4 • • • • • • • • • • • • • • • • • • • 69 
TABLE X - Experimental Data and Uncorrected Results Tabulation 
Sheet - Teat Number 20 • • • • • • • • • • • • • • • 70 
TABLE XI - Corrected Data and Results Tabulation Sheet -
Test Number 20 . . . . . . . . . . . . . . . 72 
TABLE XII - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 21 • • • • • • • • • 73 
TABLE XIII - Corrected Data and Results Tabulation Sheet -
Test Number 21 
. . . . . . . . . . . . . 
TABLE XIV - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 22 • • • • • • • • • 
TABLE XV - Corrected Data and Results Tabulation Sheet -
Test Number 22 . . . . 
TABLE XVI - Experimental Data and Uncorrected Results Tabulation 






TABLE XVII - Corrected Data and Results Tabulation Sheet -
Test Number 23 • • • • • • • • 81 
TABLE XVIII - Experimental Data and Uncorrected Results Tabulation 
Sheet - test Number 24 • • • • . • . • • • . • • 82 
TABLE XIX - Corrected Data and Results Tabulation Sheet -
Test Number 24 • • • . . . • • • • • • • • • 84 
TABLE XX - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 25 . • • • • • • • . • • • • • • 85 
TABLE XXI - Corrected Data and Results Tabulation Sheet -
Test Number 25 • • • • • • • • • • . • . • • • . • 87 
TABLE XXII - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 26 • • • • • • • • • • • • • • 88 
TABLE XXIII - Corrected Data and Results Tabulation Sheet -
Test Number 26 • • • • • • • • • • • • • • 90 
TABLE XXIV - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 27 • • • • • • • • • • • 91 
TABLE XXV - Corrected Data and Results Tabulation Sheet -
Test Number 27 • • • • • • • • • • • • • • • • • • 93 
TABLE XXVI - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 28 • • • • • • • . . • . • • • 94 
TABLE XXVII - Corrected Data and Results Tabulation Sheet -
Test Number 2 8 • • • • • • • • • • • • • • • • • 96 
TABLE XXVIII - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 29 • • • • • • • • • • • • • 97 
TABLE XXIX - Corrected Data and Results Tabulation Sheet -
Test Number 29 • • • • • • • • • • • • • • • • . . 99 
TABLE XXX - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 30 • • • • • • • • • • • • • • 100 
TABLE XXXI - Corrected Data and Results Tabulation Sheet -
Test Number 30 • • • • • • • • • • 102 
TABLE XXXII - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 31 • • • • • • • • • • • • • 103 
TABLE XXXIII - Corrected Data and Results Tabulation Sheet -
Test Number 31 • • • • • • • • • • • • • • 105 
TABLE XXXIV - Experimental Data and Uncorrected Results Tabulation 
Sheet - Test Number 32 • • • • • • • • • • • • • 106 
TABLE XXXV - Corrected Data and Results Tabulation Sheet -
Test Number 32 • • • • • • • • • • • • • • . . . 
TABLE XXXVI - Statistical Data Heater Angle Equals 0° • . . . . . 
TABLE XXXVII - Statistical Data Heater Angle Equals 30° • 
TABLE XXXVIII - Statistical Data Heater Angle Equals 60° 









When a surface is exposed to a liquid and is maintained 
at a temperature above the saturation temperature for the liquid, 
boiling may occur and the heat flux will depend on the magnitude 
of the difference of temperature between the surface and the sa-
turation temperature of the liquid. When the heater is submerged 
in the fluid, the process is commonly referred to as pool boiling. 
An example of this would be a kettle of water which is boiling 
on the kitchen stove. At first glance this appears to be quite 
simple but in reality the boiling process is extremely complex. 
1 
In 1934, Nukiyama (1) published a paper which represented the result 
of previous experimentation involving pool boiling from a wire 
and flat plate to distilled water. Since that time, much effort 
and money has been directed toward experimentation and a better 
understanding of the boiling heat transfer mechanism. This effort 
has been motivated by the advances in heat transfer equipment 
and the desire to find additional applications in the areas of 
nuclear reactors, rocket engines, and space vehicles. In these 
devices very large quantities of heat are released per unit volume 
and boiling heat transfer appears to be one of the best methods 
for removal of this heat in order to cool the structural com-
ponents. There are also other applications where boiling heat 
transfer is important. Among these are steam generators, jet 
engines, quenching operations, air conditioning and refrigeration 
systems, evaporators and various types of chemical processes. 
Since the early work of Nukiyama, many authors have 
contributed either experimentally or theoretically or both to 
the understanding of the various boiling regions. These regions 
can best be defined by referring to Figure 1 which is a plot of 
heat flux versus temperature difference. 
In region I, the heat transfer from the heater to the liquid 
takes place by conduction and single phase convection which 
maintains the upward flow of superheated liquid. As this liquid 
reaches the liquid vapor interface, evaporation takes place and 
steam is produced. As the heater surface temperature is increased 
into region II, bubbles of vapor begin to form at discrete points 
on the heating surface and are dissipated in the liquid after 
breaking away from the surface. This region is referred to as 
the individual bubble regime in the nucleate region. As the 
heater temperature is increased into region III nucleate boiling 
continues to occur with the bubbles rising to the liquid vapor 
interface in continuous columns. This region is referred to as the 
continuous column regime. As heater temperature is increased 
again, point A is reached where further increase in heater temp-
erature will cause a decrease in heat flux. This point is 
referred to as the burnout point, the critical excess tempera-
ture point or the hydrodynamic crises point. The term burnout 
point is the most commonly used because of the destruction of 
power controlled heaters as the power level is raised above this 







































































power level is increased, the only possibility is to go into the 
film boiling region along the path A-C. When this entrance into 
film boiling occurs, the temperature associated with the point C 
may be above the melting point of the heater material and burnout 
will occur. 
As the heater temperature is increased above point A, region 
IV is entered and the system is said to be in a state of transition 
boiling. In this region, partial nucleate boiling and unstable 
film boiling exist together. The temperature is too high for 
stable nucleate boiling but not high enough to support stable 
film boiling. In this region, the amount of vapor generated at 
the heater face is not enough to cover the entire surface con-
tinuously and the amount of vapor generated by nucleate boiling 
is too much to allow the fluid to be in contact with the heater 
at all times, therefore, the system alternates between nucleate 
and film boiling. 
As the temperature is increased further into region V, 
point B is reached where an increase in heater temperature will 
cause a corresponding increase in heat flux. The point B is 
commonly referred to as the Leidenfrost point. The name is 
derived from an investigator who in 1756 studied the effects of 
evaporation of small water droplets on a hot plate. From this 
experiment, the Leidentrost point is defined as "the temperature 
at which the droplet evaporation time is the greatest". As 
applied to pool boiling, the Leidenfrost point is the point 
where the heat flux is a minimum in fi1m boiling. 
4 
As the temperature is increased beyond the Leidenfrost 
point, stable film boiling occurs. Heat transfer occurs by 
conduction through the vapor blanket, convection at the vapor 
liquid interface and bubble release at various selected points 
throughout the interface. Some observers have reported wave like 
oscillations of the liquid vapor interface during film boiling 
from horizontal plates. As the temperature is increased further 
into region VI, radiation from the heater surface becomes 
significant and must be taken into consideration when evaluating 
the film coefficient. 
5 
6 
II. LITERATURE REVIEW 
In 1934, Nukiyama (1) published a paper which was the result of 
previous boiling experimentation. In the report, he concluded that 
there was a limit to the heat transferred in the boiling process. 
He commented on the fact that previous workers assumed that the 
heat transfer coefficient increased asymptotically to a fixed value, 
and that heat flux Q/A continued to increase without limit, as the 
temperature difference was increased. Nukiyama also described the 
distinct boiling regions as seen in Figure 2. He clearly described 
the nucleate region which is represented between o-a on the curve. 
He also described the region from b to c which is known as the film 
boiling region. He referred to this region as the Spheroidal State. 
Nukiyama conducted pool boiling experimentation using heaters of 
various geometry. Among these were small wires and circular flat 
plates. The heaters were heated electrically and were used to obtain 
data to verify the different boiling regions. He also presented 
data to prove the existence of the maximum and minimum heat flux 
(Q/A). He also found that when the maximum heat flux (point A on 
Figure 2) is reached, an increase in temperature difference beyond 
this point results in a decrease in heat flux until the minimum 
point is reached. Beyond this point, an increase in temperature 
difference results in an increase in heat flux (Q/A). He also 
postulated that in nucleate boiling, a small portion of the 
heater surface is at an elevated temperature which results in the 
formation of nucleation sites. The rest of the heater is in contact 

























































at saturation temperature of the fluid. 
Berenson (3) (6) (7) (25) has made ma~ contributions to the 
area of boiling heat transfer. In his investigation of the 
transition boiling region, he concluded that transition boiling 
is a combination of unstable nucleate and unstable film boiling 
each of which alternately exists at a given location on the 
heating surface. Berenson also concluded that the point of 
maximum heat flux (burnout point) is independent of surface material, 
roughness, and cleanliness, and also that the entire film portion 
of the boiling curve is independent of surface material, clean-
liness and roughness provided that the roughness height is less than 
the film thickness. Berenson also found that the point of minimum 
heat flux (Leidenfrost point) is affected by the degree of cleanliness 
of the heater material, the dirtier surfaces causing the boiling 
curve to be shi.fted to the right or the Leidenfrost point to occur 
at a higher temperature difference. A similar phenomenon occurred 
when a wetting agent was added to the boiling liquid. 
Berenson offers the following equations for the prediction of 
the Leid enf ros t point: 
(pl Pv) 
.l. 
.l. 2 4 
(Q/A)L.P. = 0.09P~ 'fg gco pl + p g(pl - Pv) v 
and 
2/3 .l. 1/3 g(pl - Pv) 2 
(ll T)L.P. 0.127 gc:P uf = p + p g gc( Pl - Pv) 1 v 
The above equations were in agreement with Berenson's data within 
+10%. He also presented the following equation for the film co-
efficient for the stable film boiling region. 
h 0.425 




Chang (5) (14) in a paper published in 1959 presented a 
theoretical model for two cases of film boiling from flat plates. 
9 
He considered the horizontal flat plate and the vertical flat plate. 
In the paper, he indicated that flat plate test data was very scarce 
which made it necessary to compare the results with test data 
obtained from film boiling from tubes. 
Chang concluded that by introducing the concept of equivalent 
thermal diffusity a general formula is obtained for the boiling and 
non-boiling regions. He suggests that in film boiling, a standing 
wave exists over a plane surface; and, since the temperature of the 
heating surface is higher than the vapor which surrounds it, heat is 
transferred to the vapor film causing it to become thicker. The film 
continues to grow until it reaches a thickness which will no longer 
support the boiling liquid. At this point, the film ruptures and 
heat and mass transfer occurs at the anti-node of the standing wave. 
This theory takes into account the fact that film boiling will not 
exist in a given liquid at a wave length above a certain critical 
value. Chang considers this condition in arriving at a relation be-
tween film thickness and time. In comparing the conduction equation 





He also defines the generalized Prandtl and Grashof numbers as; 
* and Gr 1 = 
which reduces his analysis to: 
1/3 
(Nut )co = 0.234 (Pr* Gr*~) 
Chang suggests that the above equation is the general film boiling 
equation for horizontal surfaces. 
10 
Chang also concluded that the heat transfer coefficient of film 
boiling over a horizontal surface is, in general, higher than that 
along a vertical plate. He stated that it does not apply to tubes, 
but only to flat plates. 
Zuber (26), like Chang, also approached the area of film boiling 
from the mathematical standpoint, relying primarily on hydrodynamics 
to furnish the relationships between heat flux and temperature 
difference. Several authors have found fault with their work 
because of the many assumptions and simplifications used to develop 
the analytical model of film boiling. 
11 
Zuber discusses the various boiling regimes in detail and 
approaches the area of boiling heat transfer in a slightly 
different light than most authors do. He considers the burnout 
point from the transition boiling region since it corresponds 
to both the maximum point in transition boiling as well as nucleate 
boiling. He maintains that the burnout point is located by applying 
the Taylor-Helmholtz hydrodynamic instability criteria. Taylor 
instability occurs because in film boiling a liquid of high density 
is supported above a vapor which has a much lower density. Helmholtz 
instability is characterized by that condition when the vapor 
generated by the heater is equal to the maximum counterflow of 
vapor and liquid normal to the heating surface which can occur in 
steady flow and remain stable. Considering the mathematics associated 
with the above criteria the following equation for burnout flux 




Since the Leidentrost point is the minimum heat flux associated 
with stable film boiling and because it is the transfer point from 
film to nucleate boiling for power controlled heaters, it is a point 
of considerable interest. This minimum heat flux point is quite 
applicable to the principles of hydrodynamics and Zuber has developed 
the following relationship at the Leidenfrost point. 
(Q/A)L.P. 0.177 h.f p g v 
og(Pl - Pv) 




Holser and Westwater (8) investigated film boiling from flat 
plates in an attempt to verify some of the predicted theories of 
Zuber and Chang. Film boiling was studied for water and Freon-11 
at atmospheric pressure using horizontal aluminum heating surfaces 
of 8 in2. High speed photographic data are given to support hydro-
dynamic calculations for both fluids. Helser and Westwater state 
that edge effects are an important consideration in film boiling, 
for most liquids regardless of how small the heater. 
Holser and Westwater conclude that the method of Chang is not 
reliable for predicting the film boiling curve. Also, the method 
of Berenson for predicting the film boiling curve is generally 
accurate, but his predictions for ~T around the Leidenfrost point 
are not reliable. 
Class et al. (9) have published data for both film and nucleate 
boiling using electrically heated plates, of large surface area, to 
liquid hydrogen at various pressures. The heating surfaces were 
oriented at angles of 0°, 45° and 90°, and several interesting ob-
servations were found. Increasing the pressure caused the curves 
to shift to the left, which indicates higher heat fluxes at lower 
differential temperatures. In the nucleate region, the angle of 
inclination of the surface had very little effect on the curves; 
while, in the film region, a shift to the right was always observed 
as the surface was rotated from the vertical to the horizontal 
position, thus requiring a greater ~T for a given heat flux. 
Another interesting observation which the authors reported was 
that surface roughness in the film boiling region had very little 
effect on the heat transfer characteristics while in the nucleate 
region a very sizeable effect was observed. However, in the 
nucleate region, the burnout point could be raised as much as 100% 
by coating the surface with a silicon grease. It was also found 
that this coating had very little effect on the system in the film 
boiling region. 
13 
Brentari and Smith (10) published a paper in 1964 which attempted 
to selectively evaluate and present the best available predictive 
correlations as functions of system parameters for the use of the 
cyrogenic design engineer. Their basic approach was to search through 
the available literature and gather experimental cyrogenic boiling 
data which were then compared with existing correlations evaluated 
for cyrogenic fluids. The authors have made a very significant 
contribution to the field of pool boiling for cyrogenic fluids. 
Correlations are presented for the major cyrogenic fluids for both 
the nucleate and film regions. 
Brentari and Smith present information concerning the variables 
which effect boiling performance. Among those mentioned were 
pressure, subcooling, external force fields such as gravity, surface 
orientation, surface conditions, surface history, surface roughness, 
surface-fluid chemical composition and surface temperature variations. 
The effects of gravity (external force fields) are expected 
to have a large influence on film boiling. The data presented 
by Lyon, for film boiling from flat surfaces facing downward 
14 
supports this theory. 
The authors comments concerning surface temperature variations 
were of particular interest to this investigation. They state that 
"it is possible that surface temperature differences may occur which 
are attributed to the heater surface and not to the boiling phenomena. 
Heaters with a small mass per unit heater surface, such as very thin 
materials, may produce such temperature variations and subsequently 
a lower peak flux •••• The source of energy for the heater may also 
influence the surface temperature variations. Kutateladze (10) 
reports that electrically heated surfaces have slightly different 
heat transfer characteristics than those heated by vapor conden-
sation, probably because condensation droplets cause surface 
temperature differences." 
Brentari and Smith also note that surface chemical composition 
has a significant effect on the boiling curve. The major consideration 
here is the wetting characteristics of the surface material. 
Ragsdell (20) presented experimental data .for saturated film 
pool boiling from low thermal capacity flat plate heaters at 
atmospheric pressure using refrigerant-11 and nitrogen as the boiling 
fluids. Results were obtained for both fluids over a temperature 
range of approximately 1200~. Surface size, roughness and orien-
tation effects were observed for flat horizontal heated surfaces with 
one dimension near the most dangerous wavelength. The author reports 
that no surface material effect was observed. The author reports 
that excellent correlation of the data was achieved by a slight 
15 
modification of the Berenson equation. 
It should be noted that a considerable amount of work has been 
done on film boiling from all types of surfaces. Other researchers 
in the field include Bromley (4); Flynn, Draper, and Roos (15); 
Park, Colver, and Sliepcevich (21); DiCicco and Schoenhals (17); 
Flanigan (19); Rhea (16); Koh (22). 
The correlation equations presented in the literature pertinent 
to film boiling from flat surfaces are collected in Table I. 
TABLE I 
BOILING CORRELATION EQUATIONS 
Stable Film 
h = .425 
h = .234 
h = .512 
gccr 
~vf~Tgc g(pl - pv) 
~f hfgPvfg(pl - p ) v 
~vf~Tgc 
gccr 
g(pl - pv) 
Leidenfrost Point 
(pl Pv) 
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1/r (~ T)L.P. .127 fg 
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Kvf 
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crg(pl - Pv) 1/4 



















III. DESCRIPTION OF EXPERIMENTAL EQUIPMENT 
Method 
A test plate constructed of Inconel-600 was placed in a pool 
of liquid nitrogen and heated electrically. Thermocouples were 
welded to the unwetted side of the plate and the same side was in 
turn cemented to a transite block which served to insulate the 
back side of the heater. Essentially, the fluid received heat 
from only one side of the test plate. Power was supplied to the 
test plate from a direct current welder and power control was 
exercised using the welder controls and a carbon-pile rheostat 
which was located at the control panel. A voltmeter was used to 
monitor the output of the power supply and a potentiometer measured 
the voltage differential across the test plate. Current flow 
through the test strip was measured using a potentiometer and a 
precision resistor. Also, an ammeter was used to measure the 
current flow. The plate temperatures, the backing temperatures 
and the bulk temperature of the fluid were recorded on a multi-
channel recording potentiometer. 
The equipment used during the course of this investigation is 
shown in Figures 3 through 6. The primary components are the 
console, in which the instrumentation is mounted, the dewar 
which contains the test fluid and the heater element and the direct 
current welder which was used as the power supply. Each of the 
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The test sections used in this investigation were all of the 
same construction. Each was made of Inconel-600, 0.005 inches 
in thickness and 2.00 inches in width. The effective length of 
the test strip was 3.50 inches when installed in the operating 
position between the conduction bars. The heater material was 
cut to a length of approximately 4.50 inches. This length allowed 
one half inch of extra material on each end of the heat transfer 
surface to connect the test strip to the conduction bars, as shown 
in Figure 4. 
Atter the heater strips were cut to the desired length, each 
was etched on one side using a solution of marble 1 s reagent. This 
etching was done to roughen the surfaces to improve the bond 
19 
between the Inconel-600 and the high temperature epoxy. This procedure 
was not used during construction of the first few heaters and 
problems were encountered with the separation of the heater strip 
from the epoxy during the initial stages of the run. The separation 
allowed boiling to occur on the back side and introduced considerable 
error in the results. After the test strips were etched, six, thirty-
gauge chromel-alumel thermocouples were spotwelded to the etched 
surface using a solid state miniature spot welder. A piece of 
transite one half inch in thickness was grooved out to accommodate 
the thermocouples on the back side of the test strip. The transite 
backing material was then cemented to the test strip using a high 
temperature epoxy. Using this method, the heater constructed was 

essentially one which would transfer heat to the fluid from one 
side only. However, this unidirectional conduction is not quite 
true since there is some heat loss through the backing material. 
To calculate this heat loss, three thermocouples were cemented 
21 
to the back side of the transite block and the backing temperature 
recorded. With this temperature difference known, along with the 
thermal conductivity of transite (0.50 Btu/hr-ft-DF), the heat 
loss through the backing was calculated using the one-dimensional 
Fourier equation. The reference junctions of all thermocouples 
were maintained in a liquid nitrogen bath for all runs. 
Power Supply 
The power source used in the investigation was a Lincoln 
400 ampere direct current welding generator. The power for each 
test was carried to the conduction bars by welding cables. The 
power output of the welder was controlled by regulating the course 
and fine adjustments which were located on the welder console. 
A carbon-pile rheostat was also used as a means of power control 
for the system. 
Instrumentation 
The voltage drop across the heater was measured using a Keithley 
660A differential voltmeter. An output signal was then fed into 
the Electronik-16 multichannel recorder. The current flow through 
the heater was determined by measuring the voltage drop across 
a Weston precision resistor and was also recorded on the strip 
chart. Figure 5 shows the heater, in position, in the dewar. 
The ten thermocouple wires can be seen coming out of the top of 
22 
the dewar. The bulk temperature thermocouple and the six plate 
temperature thermocouples go directly to the multichannel 
recorder~ while the three backing temperature thermocouples ~ to 
a Fluke high impedance voltmeter which indicates the backing 
temperature visually. Also~ this signal was fed into the input 
of the multichannel recorder and the readings were recorded on the 
strip chart. Figure 6 shows the entire test set-up. 
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IV. TEST PROCEDURE 
All instrumentation was turned on and allowed to warm up 
for a sufficient amount of time prior to each test. The conduction 
bars were adjusted to the desired angle. The heater was connected 
to the conduction bars and the assembly was placed into the dewar. 
Nitrogen was poured into the dewar slowly to cool down the system 
and the thermocouple baths were filled. When the level of the 
test fluid reached the operating level, the D-C welder was turned 
on, with the power settings at the minimum level. The welder was 
turned up in small increments until the system went into stable 
film boiling. After equilibrium was reached, all readings were 
taken, and the power was increased to the next desired level. After 
the maximum desired power level had been reached and readings taken, 
the power was decreased in small increments stopping for data 
recording whenever desired. When the minimum power setting was 
reached and the data recorded, the power controls were moved to 
the minimum setting and the welder shut down. The heater was 
inspected for separation and if no separation appeared, the process 
was repeated • 
The following readings were taken at each data point: the six 
plate temperatures, the bulk temperature, the backing temperature 
and the current through and voltage drop across the test plate. 
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V. DATA REDUCTION 
The reduced data can be found in Appendix A. The tests are 
arranged in chronological order and the pertinent information 
concerning each test is recorded at the top of each page. The raw 
data and calculations are presented for each run along with corrected 
data • 
. The average heater temperature, TH, was determined by taking 
the average millivolt readings for each run and converting them 
into temperatures using the National Bureau of Standards Circular 
No. 561. The three thermocouples which were recording tbe backing 
temperature ~t three locations were connected in parallel and the 
resulting millivolt reading recorded. The millivolt readings 
were converted to temperatures in the same manner as described above. 
The power supplied to the test section was determined in the 
following manner: 
(Q/A) supplied = It:. V (3 .413) T 
A possible source of error in the temperature readings is the 
emf due to the direct attachment of the thermocouples to the heated 
plate. If the thermocouple junctions were points, there would be 
no significant error. However, since the junctions are finite in 
size there is a voltage drop present and thus error is induced. The 
method employed in this investigation to eliminate the effects of 
this extraneous emf was to collect data at each power setting for 
both the positive and negative polarity. This data were then 
plotted and the best fit curve used for the final values. Figures 
7 and 8 are examples o.f this method • Figure 7 is a plot o.f 
plate temperature vs. gross heat flux .for run No. 20. The raw 
data is presented .for both the positive and negative data and the 
best .fit curve shown. Incorporated in the main computer program 
was a subroutine which would read o.f.f the values o.f plate 
temperature at various known values of heat .flux. A ~ was thus 
obtained which was corrected .for the extraneous thermocouple 
emf due to current .flow through the test section. These values 
were then used in the calculations. The same procedure was used 
to determine backing loss which is indicated in Figure 8 . This 
same procedure was used for all o.f the runs. 
Heat loss through the baQing is calculated using 
f1 TB 
D. X 
(Q/A) loss = Kt 
where Kt = 0.50 (Btu/hr-.ft-~). 
The effective heat .flux, that which caused the boiling to 
occur, was obtained by subtracting the heat loss through the 
backing .from the total power delivered to the test section. The 
results for each angle were .fitted using a least squares poly-
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nomial program. The least squares data .for each angle o.f inclination 
can be .found in the appendix. The film coefficient was obtained 
using the following relationship: 
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During the course of this experiment only one heater 
material and one test fluid were used. The heated surface was 
located at various angles and data collected for each angle of 
inclination. 
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Figure 9 presents the heat flux results for a heater angle of 
0° (horizontal). Runs No. 1, 20, 21, and 22 are represented as 
shown. The raw data points are shown with the best polynomial 
fit curve drawn through them. The data has an average deviation 
of 5.18% from the best fit curve. Information on the least 
squares polynomial program is given in the appendix. 
Figure 10 presents the heat flux results for a heater angle of 
30° from the horizontal. Runs No. 2, 24, 25 and 31 are represented 
in this curve. The raw data points are shown with the best 
polynomial fit curve shown. The data has an average deviation of 
8.39% from the best polynomial fit curve. 
Figure 11 shows the results of heat flux vs. temperature for 
a heater angle of 60° from the horizontal. The raw data points 
are shown with the best polynomial fit curve drawn through the 
points. The average deviation is 5.25%. 
Figure 12 presents data collected for a heater angle of 90° 
(vertical). The raw data is shown with the best polynomial fit curve 
drawn through the points. The average deviation is shown to be 1.91%. 
It should be pointed out that the last six data points of run No. 






























0 RUN NO. 1 
~ RUN NO. 20 
EJ RUN NO. 21 
~ RUN NO. 22 
TEST FLUID: NITROGEN 
HEATED SURF ACE: 
MATERIAL - INGONEL-600 
WIDTH - 2.0 IN. 
500 600 
HEATER ANGLE = 0° 
oo 
,__-BEST FIT CURVE 
AVERAGE DEVIATION: 5.18% 
700 800 900 1000 I I 00 
TEMPERATURE DIFFERENCE, 6T - °F 

























0 RUN NO. 2 
~ RUN NO. 24 
m RUN NO. 25 




0 Afl O 
, 
HEATER ANGLE = 30° 
0 
BEST FIT CURVE 
------AVERAGE DEVIATION: 8.39% 
TEST FLUID: NITROGEN 
HEATED SURFACE: 
MATERIAL - INCONEL-600 
WIDTH - 2 • 0 IN. 
10,000~--~----~--~----~--~----L---~ 
400 500 600 700 800 
TEMPERATURE DIFFERENCE, 
FIGURE 10 HEAT FLUX RESULTS FOR HEATER ANGLE OF 30° 
900 1000 
~T - Of 
I I 00 
w 
1\) 
























0 RUN NO. 3 
8 RUN NO. 26 
"\!/ RUN NO. 27 
a RUN NO. 28 
¢ RUN NO. 32 
BEST FIT CURVE 
500 
TEST FLUID: NITROGEN 
HEATED SURFACE: 
MATERIAL - INCONEL-600 
WIDTH - 2.0 IN. 
600 700 
---
AVERAGE DEVIATION: 5.25% 
800 900 1000 
TEMPERATURE DIFFERENCE, ~T- °F 
FIGURE 11 HEAT FLUX RESULTS FOR HEATER ANGLE OF 60° 






























0 RUN NO, 4 
~ RUN NO. 30 
A 
HEATER ANGLE = 90° 
BEST FIT CURVE 





MATERIAL - INCONEL-600 
WIDTH - 2.0 IN. 
TEST FLUID: NITROGEN 
IO,OOOL_ __ _L ____ ~--~----~--~~~~~~~ 
400 500 600 700 800 900 1000 I I 00 
TEMPERATURE DIFFERENCE, ~T - °F 
FIGURE 12 HEAT FLUX RESULTS FOR HEATER ANGLE OF 90° 
w 
~ 
behavior. The heater temperature appeared to fluctuate rather 
severely which could indicate that the bond between the heater 
and the epoxy was poor. After Run 30 was completed, another 
run was made using the same heater and the same results were 
obtained. 
Figure 13 shows the results of heat flux vs. temperature 
difference for heater angles of 0°, 30°, 60°, and 90°. The curve 
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indicates that as the heater angle is increased from the horizontal 
position to the vertical position the heat flux necessar,y to main-
tain any given temperature difference is also increased. 
Figures 14, 15, 16, and 17 are the results of heat transfer 
coefficient vs. temperature difference for heater angles of 0, 
30 60, and 90° t• 1 , respec 1ve y. 
For a heater angle of 0° (horizontal) the heat transfer co-
efficient varies from approximately 39 Btu/hr ft2 ~ to 36 Btu/hr 
ft2 ~ while the temperature difference is increased from 500~ 
to 1000~. 
For a heater angle of 30° the heat transfer coefficient varies 
from 42 Btu/hr ft2 ~ to 40 Btu/hr ft2 ~ while the temperature 
difference is increased from 500~ to 1000~. 
For a heater angle of 60° the film coefficient varied from 
49 Btu/hr ft2 ~ to 46 Btu/hr ft2 ~ while the temperature 
difference varied from 500~ to 1000~. 
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varied from 51 Btu/hr ft2 °F to 48 Btu/hr ft2 ~ while the 
temperature difference varied from 500~ to 1000~. 
Figure 18 shows the trend of the film coefficients as the 
heater angle is rotated from the horizontal to the vertical 
position along with plots of the Chang and Berenson Equations. 
Figurel8indicates a uniform increase of the heat tra~fer 
coefficient, as the heater angle is increased from 0° to 90°. 
For any given value of & the film coefficient is increased 
approximately 3 Btu/hr ft2 ~ by changing the heater angle 30°. 
Examination of Figure 18 indicates a favorable correlation with 
the predictions of Chang. Both the Chang and Berenson equations 
do not include the effects of radiation heat transfer to trn vapor 
film. Brentari and Smith have published radiation heat transfer 
data for nitrogen (10). Brentari and Smith make the statement 
that the limiting case for radiation heat transfer is less than 
5% up to 400°K. Also a plot is presented showing heat flux vs. 
temperature difference for the effects of radiation in nitrogen. 
Using the values·of Brentari and Smith the heat flux in Figure 9 
was adjusted and the result shown in Figure 1~ Although the data 
of this investigation does not agree with the Berenson equation, 
it can be made to agree quite well by an adjustment of the Berenson 
coefficient from 0.425 to 0.573. Berenson obtained his value of 
0.425 by using an average of the values resulting in considering 
the extreme cases of: a) the vapor-liquid boundary has the same 
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The resulting equation is: 
h 0.573 
Experimental Accuracy 




During the course of this investigation some error was intra-
duced into the results. Since it is impossible to eliminate all 
sources of error an attempt will be made to describe the effect 
of each. 
Six thermocouples were used to read plate temperature. These 
thermocouples were attached to the plate in such a way to give the 
true temperature distribution. During some runs the temperature 
would vary as much as 100° between thermocouples and since the 
average of the six temperatures were used as the final value of 
plate temperature, this average may not be the true mean plate 
temperature. 
Heat loss through the backing material is another source of 
error. The heat loss through the backing material was assumed 
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to be one directional with no edge effects taken into consideration. 
Heat loss through backing was determined by cementing three 
thermocouples to the transite backing material and recording the 
temperature at each data collection point. The loss was then 
determined by the Fourier equation. Again the average temperature 
value was used for the true backing temperature. Figure 8 indicates 
the method of determining the correlated value of backing loss as 
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described previously. 
The instrumentation used for measuring current and voltage 
was precision equipment. The error introduced because ot the 
instrumentation is very small as compared to those mentioned above. 
VII. CONCWSIONS AND RECOMMENDATIONS 
As the'heater angle is changed from the horizontal to the 
vertical position the heat flux and film coefficient increase for 
a given ~. The heat transfer coefficient appears to increase 
uniformly with angle for an overall increase of approximately 
3 Btu/hr ft2 ~for each increase of angle of 30°. 
It is recommended that further work be done with the heated 
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EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 1 DATE 1/21/62 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 in. x 3.5 in. Heater Angle: 00 
' Run No. l 2 3 4 5 6 7 8 
Current 
amperes 135 135 140 140 145 145 15'0 150 
Voltage Drop across Heater 
. volts 2.80 2.80 2.95 
i 
2.96 3.05 3.00 3.12 3.14 
Average Heater Temperature, TH 
OF 246 259 310 304 344 345 400 361 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
OF 
-290 -289 -287 -286 -283 -284 -281 -281 
Power Supplied to Test Section 
26557 Btu/hr sq ft 26557 29016 29114 31070 30561 32880 33090 
Heat Loss through Backing 6430 6582 7169 7082 7515 75u8 8169 7702 I Btu/hr sq ft 
i 
Temperature Difference, ~T 567 580 631 625 664 666 721 682 OF (TH :- TB) 
Boiling Heat Flux, Q/A 20127 19975 21846 22032 23555 23013 24710 25389 Btu/hr sq ft 
\r, 
0 
Heat Transfer Coefficient, h 
Btu/hr sq ft °F 35.5 34.4 34.6 35.3 35.5 34.5 34.3 37.2 
TABLE II 
BOILING RESEARCH 
EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 1 DATE 1/21/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 in. x 3.5 in. ______ Heater Angle: oo 
Run No. 9 10 11 12 13 lh 1~ 16 
Current 
amperes 155 155 160 160 165 165 170 170 
Voltage Drop across Heater 
volts 3.23 3.21 3.30 3.23 3.43 3.40 3.50 3.52 
Ave~age Heater Temperature, TH 
OF 400 409 450 433 485 516 535 529 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
-320.7 
Backing Temperature, 
-281 OF -283 -279 -280 -278 
-274 -273 -271 
Power Supplied to Test Section 35173 34956 37095 Btu/hr sq ft 37320 39761 39413 41802 42041 
Heat Loss through Backing 8165 8303 8744 8561 9157 9480 9690 9595 Btu/hr sq ft 
Temperature Difference, ~T 720 730 170 754 806 837 855 849 OF (TH :- TB) 
Boiling Heat Flux, Q/A 27008 26653 28351 28759 30604 29933 32112 32446 Btu/hr sq ft 
Heat Transfer Coefficient, h ~ 
Btu/hr sq ft °F 37.5 36.5 36.8 38.1 38.0 35.8 37.5 38.2 
BOILING RESEARCH 
EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 1 
---------------------
DATE 1/21/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 in. x 3.) in. Heater Angle: 00 
18 19 20 21 22 23 24 Run No. 17 I 
Current 
amperes 175 175 170 170 16) 16~ 160 160 
Voltage Drop across Heater 
volts 3.65 3.62 3.50 3.50 3.40 3.43 3.30 3.30 
Average Heater Temperature, TH 
Op 589 605 572 540 498 546 484 463 
Average Bulk Temperature, TB 
op 









Power Supplied to Test Section 
44876 44507 41802 41802 39413 39761 37095 3709) Btu/hr sq ft 
Heat Loss through Backing 
10262 Btu/hr sq ft 10420 10028 9673 9212 9809 9085 8860 
Temperature Difference, ~T 
Op (T - T ) H - B 910 925 893 860 818 866 80) 784 
Boiling Heat Flux, Q/A 
34614 34087 31774 32129 30201 299)2 28009 28235 Btu/hr sq ft 







EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 1 DATE 1/21/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 in. x 3.5 in. Heater Angle: oo 
Run No. 25 26 27 28 29 30 31 32 
Current 
amperes 155 155 150 150 145 145 140 140 
Voltage Drop across Heater 
volts 3.20 3.21 3.10 3.12 3.02 3.01 2.93 2.95 
Average Heater Temperature, TH 
OF 437 455 389 364 334 359 328 314 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-276 -278 -219 OF -283 -284 -284 -285 -295 
Power Supplied to Test Section 34847 34956 32669 32880 30765 30663 28819 29016 Btu/hr sq ft 
Heat Loss through Backing 8563 8799 8018 7760 7406 7717 7357 7298 Btu/hr sq ft 
Temperature Difference, 6T 758 776 710 685 654 680 648 634 OF (TH ::- TB) 
Boiling Heat Flux, Q/A 26283 26157 24651 25120 23359 22946 21461 21717 Btu/hr sq ft 
Heat Transfer Coefficient, h 
Btu/hr sq ft °F 34.7 33.7 34.7 36.7 35.7 33.7 33.1 34.2 
\J'\ 
w 
. TEST NO~ 
Gross Heat Flux Q/A 




















CORRECTED DATA AND RESULTS TABUlATION SHEET 
1 DATE 1/21/69 
Heater Temperature Rea t Loss Through Backing Temperature Difference 
OF Btu/hr sq ft llT (TH - TB) 
289 6926 610 
309 7148 629 
328 7367 649 
348 7583 668 
367 7798 687 
386 ' 8010 706 
4oh 8219 725 
42.3 8427 744 
442 8632 762 
460 8834 781 
478 9035 799 
496 9233 817 
514 9428 834 
531 9622 852 
549 9812 869 
566 10001 887 
583 10187 904 
.. 
-
Heat Transfer Coefficient h 





















EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 2 DATE 1/8/69 REFERENCE JUNCTION -320.70p 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 in. x 3.~ in. Heater Angle: 300 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 150 150 155 155 160 160 165 165 
I Voltage Drop across Heater 
2.87 2.88 3.00 volts 2.99 3.05 3.05 3.23 3.18 
I 
Average Heater Temperature, TH 
OF 311 224 263 347 386 299 347 428 
Average Bulk Temperature, TB 
OF 




-293 -292 -290 -288 -286 
-286 
-285 -283 
Power Supplied to Test Section 
30245 Btu/hr sq ft 30350 32669 32560 34285 34285 37443 36863 
Heat Loss through Backing 
7243 6184 6683 Btu/hr sq ft 7625 8071 7024 7578 8526 
Temperature Difference, 6T 
632 544 584 668 707 620 668 748 °F (T - T ) H- B 
Boiling Heat Flux, Q/A 
Btu/hr sq ft 23002 24166 26031 24935 26213 27261 29865 28337 
Heat Transfer Coefficient, h 






EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. -----'-------- DATE 1/8/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 in. x 3.) in. Heater Angle: 30° 
Run No. 9 10 11 12 13 14 1) 16 
Current 
amperes 170 170 175' 175' 180 180 185 185 
Voltage Drop across Heater 
3.30 3.28 3.41 3.41 3.)0 3.)0 3.60 3.)9 volts 
Average Heater Temperature, TH 
OF 477 380 439 5'32 606 )2) 573 648 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-292 -281 -281 -281 -280 -280 -280 -280 OF 
Power Supplied to Test Section 
39413 39174 41925 41925 44261 44261 46790 46660 Btu/hr sq ft 
Heat Loss through Backing 
9107 793h 8640 975'3 10633 965'5' 10233 11136 Btu/hr sq ft 
Temperature Difference, ~T 
798 701 760 OF (TH :- TB) 853 927 845 893 969 
Boiling Heat Flux, Q/A 
30307 31240 33284 32172 33628 34606 3655'7 35'524 Btu/hr sq ft 




EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 2 DATE 1/8/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 
Run No. 17 18 
Current 
amperes 180 180 
Voltage Drop across Heater 
3.45 3.50 volts 
Average Heater Temperature, TH 
OF 598 537 
Average Bulk Temperature, TB 
OF -320.7 -320.7 
Backing Temperature, 
-280 -281 OF 
Power Supplied to Test Section 
43629 44261 Btu/hr sq ft 
Heat Loss through Backing 
10531 9818 Btu/hr sq ft 
Temperature Difference, ~T 
919 858 OF (T - T ) H - B 
Boiling Heat Flux, Q/A 33097 34443 Btu/hr sq ft 
Heat Transfer Coefficient, h 36.0 40.1 Btu/hr sq ft °F 
2 in. x 2·2~!1·--~- Heater Angle: 
19 20 21 22 
175 175 170 170 
3.40 3.40 3.32 3.32 
498 570 533 437 
-320.7 -320.7 -320.7 -320.7 
-282 -282 -283 -288 
41802 41802 39652 39652 
9360 10218 9783 8702 
819 890 853 758 
32442 31584 29869 30950 































EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 2 DATE 1/8/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 in. x 3 . .5 in. Heater Angle: 30° 
Run No. 2.5 26 27 28 
Current 
amperes 160 160 155 155 
Voltage Drop across Heater 
volts 3.10 3.10 3.00 2.98 
Average Heater Temperature, TH 
OF 442 363 317 387 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-288 
-293 -294 -292 OF 
Power Supplied to Test Section 
34847 34847 32669 32451 Btu/hr sq ft 
Heat Loss through Backing 
87.59 7869 7322 8149 Btu/hr sq ft 
Temperature Difference, ~T 762 684 637 708 OF (T - T ) H - B 
Boiling Heat Flux, Q/A 26090 26978 25346 24302 Btu/hr sq ft 
Heat Transfer Coefficient, h 34.2 39.5 39.8 34.3 Btu/hr sq ft °F 
-~ -- -···- -----
\J1. 
co 
. TEST NO. 2 
Gross Heat Flux Q/A 
























CORRECTED DATA AND RESULTS TABUlATION SHEET 
DATE l/8/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft b.T (TH • T:s) 
' 
174 5652 495 
193 5873 514 
213 6069 533 
232 6319 553 
252 6544 573 
272 6770 592 
291 6997 612 
311 7225 632 
331 7454 652 
351 7685 672 
372 7916 692 
392 8149 713 
412 8382 733 
433 8617 753 
453 8853 774 
u74 9090 79u 
u9'~ 9328 815 
515 9567 836 
536 9807 857 
557 10049 878 
.. 
Heat Transfer Coefficient h 

























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 3 DATE 1/10/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 in. x 3.5 in. Heater Angle: 6o0 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 150 150 155 155 160 160 165 165 
Voltage Drop across Heater 
volts 2.95 2.91 3.02 3.01 3.10 3.10 3.19 3.19 
1 Average Heater Temperature, TH 
OF 240 204 245 263 307 288 332 362 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
OF 
-294 -292 -288 -285 -282 -279 -276 -273 
Power Supplied to Test Section 
Btu/hr sq ft 31088 30666 32887 32778 3484?> 34847 36979 36979 
Heat Loss through Backing 
6404 5947 6394 Btu/hr sq ft 6571 7060 6808 7301 7619 
Temperature Difference, 6T 561 524 565 584 627 609 653 683 OF (TH :- TB) 
Boiling Heat Flux, Q/A 
24684 24720 26493 26206 27787 28039 29678 29360 Btu/hr sq ft 
Heat Transfer Coefficient, h 








EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. -----'-------- DATE 1/l0/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 in. x 3.5 in._ Heater Angle: 60° 
Run No. 9 10 11 12 13 14 15 16 
Current 
amperes 170 170 175 175 180 180 175 175 
Voltage Drop across Heater 
volts 3.32 3.29 3.38 3.38 3.49 3.48 3.38 3.38 
Average Heater Temperature, TH 
OF 405 379 425 355 493 467 440 448 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-269 -270 -266 -265 -264 
-264 -267 -266 OF 
Power Supplied to Test Section 
39652 39294 41556 41556 44135 44008 41556 41556 Btu/hr sq ft 
Heat Loss through Backing 8086 7784 8296 Btu/hr sq ft 7441 9085 8768 8492 8569 
Temperature Difference, ~T 
OF (TH :- TB) 725 699 746 675 814 788 761 768 
Boiling Heat Flux, Q/A 
31566 31510 33261 34115 35049 35240 33064 32987 Btu/hr sq ft 
Heat Transfer Coefficient, h 





EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 3 DATE 1/l0/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 60° 
Run No. 17 16 19 20 21 22 23 24 
Current 
amperes 170 170 165 165 160 160 155 155 
Voltage Drop across Heater 
volts 3.26 3.26 3.19 3.20 3.10 3.10 3.00 3.00 
Average Heater Temperature, TH 
409 384 356 372 324 308 266 290 OF 
Average Bulk Temperature, TB 
OF 




-272 -273 -275 -275 -278 -281 OF 
Power Supplied to Test Section 
38936 38936 36979 37095 34847 34847 32669 32669 Btu/hr sq ft 
Heat Loss through Backing 8140 7827 7538 7742 7188 7003 6526 6852 Btu/hr sq ft 
Temperature Difference, ~T 730 705 677 693 645 629 586 611 OF (TH :- TB) 
Boiling Heat Flux, Q/A 
Btu/hr sq ft 30796 31108 29441 29353 27659 27843 26143 25817 
Heat Transfer Coefficient, h 





EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 3 DATE 1/10/69 REFERENCE JUNCTION -320.?Dr 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. Heater Angle: 60° 
Run No. 25 26 27 28 
Current 
amperes 150 150 185 185 
Voltage Drop across Heater 
2.91 2.91 3.60 3.60 volts 
Average Heater Temperature, TH 
OF 282 238 518 542 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-285 -288 -262 -263 OF 
Power Supplied to Test Section 30666 30666 46790 46790 
' Btu/hr sq ft 
J 
Heat Loss through Backing 6795 6315 9361 9652 Btu/hr sq ft 
Temperature Difference, 6T 602 559 839 862 OF (T - T ) 
I 
H · B 
Boiling Heat Flux, Q/A 23871 24351 37429 37138 
' 
Btu/hr sq ft 
Heat Transfer Coefficient, h 





TEST NO. 3 
Gross Heat Flux Q/A 
























CORRECTED DATA AND RESULTS TABUlATION SHEET 
DATE 1/10/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF ltu/hr sq ft flT (TH - TB) 
143 5430 463 
159 5578 480 
175 . 5729 496 
192 5885 513 
209 6043 529 
226 6206 546 
243 6372 563 
260 6542 580 
277 6715 598 
294 6892 615 
312 7073 633 
329 7257 650 
347 7445 668 
365 7637 686 
383 7832 704 
401 8031 722 
419 8233 740 
438 8439 758 
456 8649 777 
475 8863 796 
.. 
Heat Transfer Coefficient h 





























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. It DATE 1/10/69 REFERENCE JUNCTION -320.7°F 
---------------------
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 90° 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 150 150 155 155 160 160 165 165 
Voltage Drop across Heater 
volts 3.00 3.02 3.13 3.15 3.23 3.27 3.35 3.37 
Average Heater Temperature, TH 
OF 229 214 244 263 280 297 320 319 
Average Bulk Temperature, TB 




-290 -290 -288 -286 -284 -282 -278 -277 
Power Supplied to Test Section 
31615 31826 34084 34302 36308 36758 38834 39066 Btu/hr sq ft 
Heat Loss through Backing 
6226 6050 5381 6592 6766 6946 7179 7156 Btu/hr sq ft 
Temperature Difference, ~T 
550 535 564 584 601 618 641 640 OF (TH -:" TB) 
Boiling Heat Flux, Q/A 25389 25776 27703 27710 29542 29812 31654 31909 Btu/hr sq ft 







EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 4 DATE 1/l0/69 0 REFERENCE JUNCTION -320.7 F 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x }._5_ in. . Heater Angle: 90° 
Run No. 9 10 11 12 13 14 15 16 
Current 
amperes 170 170 175 175 180 180 185 185 
Voltage Drop across Heater 
volts 3.45 3.46 3.58 3.58 3.70 3.70 3.78 3~81 
Average Heater Temperature, TH 
•p 363 361 391 390 444 460 489 499 
Average Bulk Temperature, TB 
-320.7 -320.7 -320.7 -320.7 -320.7 
-320.7 
-320.7 -320.7 •p 
Backing Temperature, 
-275 -274 -273 -271 -269 
-261 -262 
-267 •p 
Power Supplied to Test Section 
41205 41324 44015 44015 46790 46790 49130 49520 Btu/hr sq ft 
Heat Loss through Backing 
7645 7613 7969 Btu/hr sq ft 7936 8556 8731 9008 9130 
Temperature Difference, 6T 
•p (TH :- TB) 683 682 712 711 765 781 810 820 
Boiling Heat Flux, Q/A 33559 33711 36046 Btu/hr sq ft 36079 38234 38059 49122 40390 




EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. !t DATE 1/10/69 REFERENCE JUNCTION ~320.7~ ~~~~--------
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 
Run No. 17 18 
Current 
amperes 180 180 
Voltage Drop across Heater 
volts 3.71 3.69 
Average Heater Temperature, TH 
OF 455 461 




-262 -263 OF 
Power Supplied to Test Section 
46917 46664 Btu/hr sq ft 
Heat Loss through Backing 8600 8683 Btu/hr sq ft 
Temperature Difference, ~T 776 782 OF (T - T ) H - B 
Boiling Heat Flux, Q/A 38316 37981 Btu/hr sq ft 
Heat Transfer Coefficient, h 49.4 48.6 Btu/hr sq ft °F 
2 x 3.5 in. Heater Angle: 
---~- --~-- -
19 20 21 22 
175 175 170 170 
3.58 3.58 3.49 3.48 
405 400 373 362 
-320.7 -320.7 -320.7 -320.7 
-266 -269 -272 
-274 
44015 44015 41683 41563 
8057 8032 7733 7622 
726 721 693 682 
35958 35983 33950 33941 



























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 4 DATE 1/l0/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. Heater Angle: 90° 
Run No. 25 26 27 28 
Current 
amperes 160 160 155 155 
Voltage Drop across Heater ).27 ).27 3.20 3.20 volts 
Average Heater Temperature, TH 
OF 292 292 267 267 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-278 -279 -282 -283 OF 
I Power Supplied to Test Section 36758 36758 34847 34847 Btu/hr sq ft 
Heat Loss through Backing 6837 6859 6585 6121 Btu/hr sq ft 
Temperature Difference, 6T 612 613 588 548 OF (TH :- TB) 
Boiling Heat Flux, Q/A 29921 29899 28262 28725 Btu/hr sq ft 
Heat Transfer Coefficient, h 
48.9 Btu/hr sq ft °F 48.8 48.1 52.4 
(]\ 
CD 
. TEST NO. 4 
Cross Heat Flux Q/A 






















CORRECTED DATA AND RESULTS TABUlATION SHEET 
DATE 1/10/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft b.T (TH - T:s) 
222 6131 542 
235 6271 556 
249 6415 570 
263 6563 584 
277 6715 598 
292 6870 613 
307 7030 628 
322 7193 643 
338 7360 659 
354 7531 674 
370 7705 690 
389 7884 707 
403 8066 724 
420 8252 740 
437 8442 758 
455 8635 774 
472 8833 793 
490 9034 811 
, .. ~ 
Heat Transfer Coefficient h 



























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 20 DATE 2/18/69 REFERENCE JUNCTION -320.7°F 
FLUID rJitrogen 
HEATER Material: Inconel-600 Size: 2 in. x 3.5 in. Heater Angle: 00 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 154 138 147 152 165 155 169 177 
Voltage Drop across Heater 
volts 2.70 2.)0 2.60 2.75 2.90 2.80 3.05 ).25 
Average Heater Temperature, TH 
OF 260 171 189 244 355 255 370 451 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-254 -249 -238 -236 -231 -242 -242 -238 OF 
Power Supplied to Test Section 
29212 24238 26852 Btu/hr sq ft 29367 33617 30491 36213 40414 
Heat Loss through Backing 6165 5043 5125 5763 7033 5962 7345 8267 Btu/hr sq ft 
Temperature Difference, ~T 581 492 510 565 676 576 691 772 OF (TH :- TB) 
Boiling Heat Flux, Q/A 23047 19195 21727 23604 26585 24529 28868 32148 Btu/hr sq ft 





EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 20 DATE 2/18/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 in. x 3.5 in. Heater Angle: 00 
Run No. 9 10 11 12 13 14 15 16 
Current 
amperes 183 175 183 188 176 166 159 178 
Voltage Drop across Heater 
volts 3.40 3.20 3.30 3.35 3.25 3.05 2.95 3.00 
Average Heater Temperature. TH 
OF 518 440 522 559 475 382 329 376 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-231 OF -238 -238 -234 -242 -249 -258 
-254 
Power Supplied to Test Section 
Btu/hr sq ft 43713 39343 42427 44247 40186 35570 32953 37516 
Heat Loss through Backing 
8981 Btu/hr sq ft 8140 9115 9519 8600 7569 7049 7551 
Temperature Difference, ~T 
839 761 842 880 796 702 650 696 OF (TH ~ TB) 
Boiling Heat Flux, Q/A 34732 31203 33312 34728 31586 28001 25904 29966 Btu/hr sq ft 
Heat Transfer Coefficient, h 








. TEST NO. 
Cross Heat Flux Q/A 


























CORRECTED DATA AND RESULTS TABUlATION SHEET 
20 DATE 2/18/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft !!.T (TH - TB) 
183 5093 504 
198 5286 519 
213 5484 534 
229 5685 550 
246 5889 567 
263. 6097 584 
280 6309 601 
298 6524 619 
316 6743 637 
335 6966 656 
354 7192 675 
374 7421 695 
394 7655 71S 
415 7892 736 
436 8132 757 
458 8376 778 
480 8624 Boo 
502 8875 823 
52~ 9130 846 
548 9389 869 
.. 
Heat Transfer Coefficient h 




























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 21 DATE 2/20/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. Heater Angle: 00 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 157 144 155 159 173 159 165 168 
Voltage Drop across Heater 
2.70 2.50 2.65 2.70 2.86 2.75 2.82 3.00 volts 
Average Heater Temperature, TH 
oF 251 174 239 282 338 254 314 345 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-267 -274 -268 -266 -263 
-274 -271 
-270 OF 
Power Supplied to Test Section 29781 25292 28857 Btu/hr sq ft 30161 34761 30719 32690 35409 
Heat Loss through Backing 6224 5369 6088 6580 7210 6333 7022 7385 Btu/hr sq ft 
Temperature Difference, 6T 
OF (TH :- TB) 572 494 560 603 659 575 635 666 
Boiling Heat Flux, Q/A 
Btu/hr sq ft 23557 19923 22769 23581 27551 24386 25667 28024 
Heat Transfer Coefficient, h 









EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 21 DATE 2/20/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 00 
Run No. 9 10 11 12 13 14 15 16 
Current 
amperes 178 169 176 180 183 177 182 182 
Voltage Drop across Heater 
3.06 volts 2.93 3.03 3.13 3.20 3.05 3.12 3.12 
Average Heater Temperature, TH 
OF 425 347 394 448 496 449 486 517 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-267 -275 -272 -270 -268 
-273 -271 -271 OF 
Power Supplied to Test Section 38267 34788 37466 39582 41142 37927 39894 39894 Btu/hr sq ft 
Heat Loss through Backing 8312 7453 7992 8616 9166 8660 9078 9460 Btu/hr sq ft 
Temperature Difference, 6T 
OF (TH :- TB) 746 667 715 769 816 770 806 838 
Boiling Heat Flux, Q/A 
29955 Btu/hr sq ft 27335 29474 30966 31975 29268 30815 30434 
Heat Transfer Coefficient, h 
40.1 41.0 41.2 40.3 39.2 38.0 38.2 36.3 Btu/hr sq ft °F 
-..J 
f;::-
. TEST NO. 21 
Gross Heat Flux Q/A 




























CORRECTED DATA AND RESULTS TABULATION SHEET 
DATE 2/20/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft l:Y.T (TH - TB) 
205 5705 526 
21_2 5790 533 
22l 5895 542 
232 6020 553 
244 6164 565 
258 6327 579 
273 6510 594 
290 6713 611 
309 6935 629 
229 7177 649 
350 7438 671 
374 7718 694 
399 8019 719 
425 8338 746 
453 8677 774 
482 9036 803 
514 9414 834 
546 9812 867 
581 10229 901 
616 10666 937 
654 11122 975 
.693 11598 1014 
733 12093 1054 
776 12608 1096 
819 13143 1140 
------~-
Heat Transfer Coefficient h 
































EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 22 DATE 2/20/69 REFERENCE JUNCTION -320.?0p 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x J~_in._______ _ _ __ _Heater Angle: 0 0 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 152 143 152 156 160 151 168 176 
Voltage Drop across Heater 
volts 2.66 2.50 2.64 2.74 2.80 2.64 2.93 3.11 
Average Heater Temperature, TH 
OF 243 168 258 278 326 240 364 483 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-286 -291 -287 OF -285 -284 -287 -281 
-275 
Power Supplied to Test Section 
28406 25116 28192 30030 31474 28007 34583 38455 Btu/hr sq ft 
Heat Loss through Backing 
6347 5508 6543 6767 7320 6323 7738 9107 Btu/hr sq ft 
Temperature Difference, 6T 
563 489 579 599 647 560 685 804 OF (TH :- TB) 
Boiling Heat Flux, Q/A 22058 19608 21649 23263 24154 21684 26845 29348 Btu/hr sq ft 





EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 22 DATE 2/20/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. Heater Angle: 00 
I 
9 10 11 12 13 14 15 16 Run No. 
Current 
amperes 183 175 170 173 170 153 150 157 
Voltage Drop across Heater 
3.23 3.03 2.95 3.05 2.90 3.70 2.65 2.65 volts 
Average Heater Temperature, TH 
OF 523 474 451 465 417 286 279 326 
Average Bulk Temperature, T8 OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-274 -277 -280 -278 -282 -289 -290 -290 OF 
Power Supplied to Test Section 41527 37253 35233 37070 34636 29023 27927 29230 Btu/hr sq ft 
Heat Loss through Backing 
9557 9012 8767 Btu/hr sq ft 8917 8390 6899 6833 7386 
Temperature Difference, 6T 
843 794 771 OF (TH :- TB) 786 738 607 600 646 
Boiling Heat Flux, Q/A 
31971 28241 26467 Btu/hr sq ft 28154 26246 22124 21093 2184h 
--J 
--J 
Heat Transfer Coefficient, h 
37.9 35.5 34.3 35.8 35.6 36.5 35.1 33.8 Btu/hr sq ft °F 
TEST NO. 
Gross Heat Flux Q/A 




























CORRECTED DATA AND RESULTS TABUlATION SHEET 
22 DATE 2/20/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF ltu/hr sq ft ~T (TH - TB) 
' 
163 6o66 484 
193 6127 513 
221 6220 542 
249 . 6346 570 
276 6504 597 
302 6695 623 
327 6918 648 
352 7174 672 
375 7462 696 
398 7783 718 
419 8136 740 
440 8522 761 
460 8940 780 
h79 9391 799 
497 9874 817 
514 10390 835 
530 10939 851 
545 11520 866 
560 12133 881 
573 12779 894 
586 13457 907 
598 14169 919 
.609 14912 929 
619 15688 939 628 16497 949 
.. 
Heat Transfer Coefficient h 





























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 23 DATE 2/21/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 30° 
Run No. 1 2 3 4 5 6 7 8 
Current 
150 139 146 155 161 153 160 166 amperes 
' Voltage Drop across Heater 
2.80 2.59 2.70 2.90 3.01 2.84 2.97 3.10 volts 
Average Heater Temperature, TH 
OF 168 102 137 199 270 188 249 306 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
OF 
-288 -293 -291 -287 -285 -288 -285 -285 
Power Supplied to Test Section 
Btu/hr sq ft 29S07 25293 27695 31580 34047 30527 33385 36153 
Heat Loss through Backing 
5478 4738 5134 5833 6671 5713 6415 7082 Btu/hr sq ft 
Temperature Difference, 6T 489 423 458 520 591 509 570 626 OF (TH :- TB) 
Boiling Heat Flux, Q/A 24029 2oSS4 22S6l 2S747 27376 248lS 26971 29072 Btu/hr sq ft 




- - -- ...... - .... 
BOILING RESEARCH 
EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 23 DATE 2/21/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.$ in. Heater Angle: 30° 
Run No. 9 10 11 12 13 14 15 16 
Current 
amperes 174 168 175 179 169 160 157 161 
Voltage Drop across Heater 
3.26 3.12 3.20 J.34 3.14 2.97 2.92 3.02 volts 
Average Heater Temperature, TH 
OF 304 249 299 334 299 222 166 194 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-293 -296 -295 -295 -288 -291 -300 -300 OF 
Power Supplied to Test Section 39852 36825 39343 42003 37282 33385 32208 34160 Btu/hr sq ft 
Heat Loss through Backing 7156 6542 7135 7553 6681 6151 5598 5929 Btu/hr sq ft 
Temperature Difference, ~T 624 569 620 655 589 542 487 515 OF (TH :- TB) 
Boiling Heat Flux, Q/A 32695 30283 32208 34450 30601 27235 26610 28231 Btu/hr sq ft 
Heat Transfer Coefficient, h 




Gross Heat Flux Q/A 




























CORRECTED DATA AND RESULTS TABUlATION SHEET 
23 DATE 2/21/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft !J.T (TH - TB) 
. 86 4540 407 
lOS 4752 425 122 4958 443 140 5161 460 156 .. 5358 477 
. 173 5551 493 188. 5739 509 204 5923 524 218 6102 539 233 6277 553 246 6447 567 260 6612 580 272 6773 593 285 6929 6o5 296 7081 617 308 7228 628 
318 7370 639 328 7508 649 
338 7641 659 
347 7770 668 
356 7894 677 
364 8013 685 372 8128 693 
. 379 8238 700 386 8344 707 
. 
. .. 
Heat Transfer Coefficient h 
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BOILING RESEARCH 
EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 21.L DATE 2/25/69 REFERENCE JUNCTION 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 
Run No. 1 2 3 4 5 6 
Current 
amperes 148 153 169 150 156 164 
Voltage Drop across Heater 
volts 2.68 2.80 2.90 2.70 2.82 3.00 
Average Heater Temperature, TH 
OF 257 276 308 266 311 354 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-275 -271 -268 -274 -271 -265 OF 
Power Supplied to Test Section 27866 30097 34432 28453 30907 34566 Btu/hr sq ft 
Heat Loss through Backing 6380 6557 6909 6474 6981 7427 Btu/hr sq ft 
Temperature Difference, ~T 578 596 628 587 632 674 OF (TH :" TB) 
Boiling Heat Flux, Q/A 21486 23540 27523 21975 23926 27138 Btu/hr sq ft 



















EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 24 DATE 2/25/62 REFERENCE JUNCTION -320.?0p 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3 ._5_ in. --~ __ Heat:ei'_ Angle:~--- _ __ ~3)0 
Run No. 9 10 11 12 
Current 
amperes 165 173 178 168 
Voltage Drop across Heater 
volts 3.01 3.19 3.30 3.04 
Average Heater Temperature, TH 
oF 397 456 494 418 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-265 -259 -255 -261 OF 
Power Supplied to Test Section 
34892 38772 41268 35881 
I 
Btu/hr sq ft 
Heat Loss through Backing 
7945 8581 8984 8144 Btu/hr sq ft 
Temperature Difference, 6T 
717 777 815 738 °F (T - T ) H - B 
Boiling Heat Flux, Q/A 26947 30191 32284 27737 Btu/hr sq ft 
Heat Transfer Coefficient, h 
Btu/hr sq ft °F 37.6 38.9 39.6 37.6 
CX> 
l..oJ 
. TEST NO. 24 
Gross Heat Flux Q/A 



























CORRECTED DATA AND RESULTS TABUlATION SHEET 
DATE 2/25/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF 'Btu/hr sq ft llT (TH - T'B) 
198 5694 518 
214 5874 534 
230 6058 551 
247 6248 568 
264 . 6443 585 
282 6643 603 
300 6847 621 
319 7057 640 
338 7272 659 
358 7491 679 
378 7716 699 
399 7946 720 
420 8180 741 
442 8420 762 
464 8664 784 
486 8914 807 
509 9168 830 
533 9428 853 
557 9692 877 
581 9962 902 
606 10236 927 
631 10516 952 
657 10800 978 
.683 11089 1004 
710 11384 1031 
Heat Transfer Coefficient h 






























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 25 DATE 2/25/69 REFERENCE JUNCTION -320.7 
-------
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in Heater Angle: 30° 
Run No. l 2 3 4 5 6 7 8 
Current 150 154 162 150 164 174 178 168 amperes 
Voltage Drop across Heater 2.72 2.80 2.95 2.70 2.98 3.20 3.29 3.10 volts 
Average Heater Temperature, T8 OF 276 295 350 274 375 450 497 416 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-275 -274 -269 -275 -270 -261 -258 -265 OF 
Power Supplied to Test Section 
28664 30294 33575 28453 34335 39118 41143 36589 Btu/hr sq ft 
Heat Loss through Backing 6612 6825 7432 6591 7745 8536 9067 8175 Btu/hr sq ft 
Temperature Difference, ~T 597 616 671 594 696 771 818 736 OF (TH -: TB) 
Boiling Heat Flux, Q/A 22052 23469 26143 21863 26590 30583 32076 28414 Btu/hr sq ft 




-- -- - ---------- ------ ----
BOILING RESEARCH 
EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 25 DATE 2/25/69 REFERENCE JUNCTION -320.7 
----------------
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. Heater Angle: 30° 
Run No. 9 10 11 12 
Current 172 180 159 150 amperes 
Voltage Drop across Heater 3.13 3.31 2.91 2. 71 volts 
Average Heater Temperature. TH 
OF 430 493 356 275 
Average Bulk Temperature. TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-264 
-259 -271 -277 OF 
Power Supplied to Test Section 37823 41858 32507 28559 Btu/hr sq ft 
Heat Loss through Backing 8329 9025 7529 6624 Btu/hr sq ft 
Temperature Difference, 6T 751 814 677 595 OF (TH ~ TB) 
Boiling Heat Flux, Q/A 
29494 32833 24978 21935 Btu/hr sq ft 
Heat Transfer Coefficient, h 




Gross Heat Flux Q/A 






























CORRECTED DATA AND RESULTS TABUIATION SHEET 
25 DATE 2/25/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft ~T (TH - TB) 
' 200 5765 521 
220 5996 541 
240 6222 561 
260 6443 58~ 
279 6659 600 
298 6870 619 
316 7077 637 
334 7278 655 
352 7475 673 
370 7666 690 
387 7853 707 
403 8035 724 
420 8212 740 
436 8384 757 
451 8551 772 
467 8713 788 
l-t82 8871 802 
496 9023 817 
511 9171 831 
525 9314 845 
538 9452 859 
551 9585 872 
564 9713 885 
577 9836 898 
. 589 9954 910 
' . 
~-- --· -
Heat Transfer Coefficient h 





























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 26 DATE 2/27/69 REFERENCE JUNCTION -320.7 
------~---------
FLUID Nitrog8n 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 
Run No. l 2 3 4 5 6 
Current 148 150 157 152 158 162 amperes 
I Voltage Drop across Heater 
volts 2.62 2.65 2.76 2.64 2.75 2.83 
Average Heater Temperature, TH 
OF 136 182 230 183 224 261 
Average Bulk Temperature, TB 






Power Supplied to Test Section 27242 27927 30443 28192 30526 32209 Btu/hr sq ft 
Heat Loss through Backing 4826 5330 5835 5337 5769 6168 Btu/hr sq ft 
Temperature Difference, bT 457 503 551 504 545 582 OF (TH ~ TB) 
Boiling Heat Flux, Q/A 
22416 22597 Btu/hr sq ft 24609 22855 24757 26042 
Heat Transfer Coefficient, h 




























EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 26 DATE 2/27/69 REFERENCE JUNCTION -320.7 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in • Heater Angle: 
Run No. 9 10 11 12 
Current 164 167 173 168 amperes 
Voltage Drop across Heater 2.84 2.93 3.05 2.94 
volts 
1 Average Heater Temperature, TH 
OF 259 303 347 298 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-255 -249 -246 -251 OF 
Power Supplied to Test Section 
32722 34377 37070 34701 Btu/br sq ft 
Heat Loss through Backing 6168 6623 7120 6587 Btu/hr sq ft 
Temperature Difference, ~T 580 623 668 619 OF (T - T } H - B 
Boiling Heat Flux, Q/A 
26555 27754 29950 28113 Btu/hr sq ft 
Heat Transfer Coefficient, h 





. TEST NO. 
Gross Heat Flux Q/A 



























CORRECTED DATA AND RESULTS TABUlATION SHEET 
26 DATE 2/27/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft flT (TH • TB) 
104 4521 424 
128 4769 449 
152 5010 472 
174 5243 495 
196 .. 5469 516 
216 5687 537 
236. 5898 557 
255 6101 576 
273 6296 593 
290 6484 610 
306 6664 626 
321 6837 641 
335 7003 656 
348 7160 669 
361 7310 681 
372 7453 693 
382 7588 703 
392 7716 713 
401 7836 721 
408 7948 729 
415 8053 736 
421 8151 742 
426 8240 747 
.430 8323 751 
433 8397 754 
. ' 
·- ~··--···-----
Heat Transfer Coefficient h 































EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 27 DATE 2/27/69 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. 
Run No. 1 2 3 4 
Current 
amperes 142 129 147 1)0 
Voltage Drop across Heater 2.50 2.30 2.55 2.66 volts 
Average Heater Temperature, TH 
OF 126 41 153 179 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-272 OF -281 -270 -267 
Power Supplied to Test Section 24941 20845 26335 28032 Btu/hr sq ft 
Heat Loss through Backing 4774 3862 5070 5357 Btu/hr sq ft 
Temperature Difference, 6T 447 362 473 500 OF (TH :- TB) 
Boiling Heat Flux, Q/A 
Btu/hr sq ft 20166 16983 21265 22675 
Heat Transfer Coefficient, h 
45.1 47.0 44.9 45.4 Btu/hr sq ft °F 
TABLE XXIV 








































EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 27 DATE 2/27/69 
------------------
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 
Run No. 9 10 
Current 168 165 amperes 
Voltage Drop across Heater 2.96 2.87 volts 
Average Heater Temperature, TH 
OF 287 246 
Average Bulk Temperature, TB 
OF -320.7 -320.7 
Backing Temperature, 
-258 -262 OF 
Power Supplied to Test Section 34937 33269 Btu/hr sq ft 
Heat Loss through Backing 6545 6091 Btu/hr sq ft 
Temperature Difference, 6T 
OF (TH :- TB) 6os 566 
Boiling Heat Flux, Q/A 
Btu/hr sq ft 28392 27179 
Heat Transfer Coefficient, h 
46.7 48.0 Btu/hr sq ft °F 



















































. TEST NO. 
Gross Heat Flux Q/A 































CORRECTED DATA AND RESULTS TABULATION SHEET 
27 DATE 2/27/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft l:.T (TH - TB) 
147 4997 467 
1)3 5067 474 
161 5154 482 
171 5259 491 
182 5380 502 
194 5519 515 
208 . 5675 529 
224 5847 545 
241 6037 562 
260 6244 581 
281 6468 601 
302 6710 623 
326 6968 646 
351 7243 671 
377 7536 698 
405 7845 726 
435 8172 756 
466 8516 787 
499 8877 819 
533 9255 854 
569 9650 889 
606 10062 927 
645 10491 965 
685 10938 1006 
727 11401 1048 
Heat Transfer Coefficient h 
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BOILING RESEARCH 
EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 28 DATE 2/27/69 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. 
Run No. 1 2 3 4 
Current 145 133 143 148 amperes 
Voltage Drop across Heater 2.57 2.39 2.50 2.63 volts 
Average Heater Temperature, TH 
OF 130 23 60 79 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-273 -285 -281 
-277 OF 
Power Supplied to Test Section 26181 22332 25116 27346 Btu/hr sq ft 
Heat Loss through Backing 4831 3686 4090 4277 Btu/hr sq ft 
Temperature Difference, ~T 451 343 381 400 OF (TH :- TB) 
Boiling Heat Flux, Q/A 
21350 18647 21026 23070 Btu/hr sq ft 
Heat Transfer Coefficient, h 
47.4 Btu/hr sq ft °F 54.3 55.2 57.7 
TABLE XXVI 
REFERENCE JUNCTION -320.7 
----------------
Heater Angle: 60° 
5 6 7 
159 155 163 
2.82 2. 72 2.85 
157 132 190 




31501 29620 32637 
5118 4867 5274 
478 453 511 
26383 24752 27364 















EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 28 DATE 2/27/69 
------------------
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 
Run No. 9 10 
Current 172 168 amperes 
Voltage Drop across Heater 3.02 2.98 volts 
Average Heater Temperature, TH 
OF 268 240 
Average Bulk Temperature, TB 
OF -320.7 -320.7 
Backing Temperature, 
-256 -261 OF 
Power Supplied to Test Section 36494 35173 Btu/hr sq ft 
Heat Loss through Backing 6292 6007 Btu/hr sq ft 
Temperature Difference, aT 589 560 OF (T - T ) H - B 
Boiling Heat Flux, Q/A 30201 29166 Btu/hr sq ft 
Heat Transfer Coefficient, h 
51.3 52.0 Btu/hr sq ft °F 













REFERENCE JUNCTION -320.7 
----------------
Heater Angle: 60° 
\0 
\J1 
. TEST NO. 
Gross Heat Flux Q/A 




























CORRECTED DATA AND RESULTS TABUlATION SHEET 
28 DATE 2/27/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF 'Btu/hr sq ft !J.T (TH - T'B) 
75 4229 395 
88 4363 408 
101 4502 422 
115 4649 436 
130 4802 450 
145 4962 466 
161 5129 481 
177 5303 498 
194 5483 515 
211 5670 532 
230 5864 550 
248 6065 569 
268 6272 588 
287 6486 608 
308 6707 628 
329 6934 649 
350 7168 671 
373 7409 693 
395 7657 716 
419 7912 739 
442 8173 763 
467 8441 788 
492 8715 813 
.518 8997 838 
544 9285 865 
L. 
Heat Transfer Coefficient h 


































EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 29 DATE 2/28/69 REFERENCE JUNCTION -320.7 
-----------------
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3 · 5 in· Heater Angle: 90° 
Run No. I . l 2 3 4 5 6 7 
' 
166 Current 147 156 162 152 158 171 amperes 
Voltage Drop across Heater 2.58 2.74 2.83 2.66 2.75 2.93 3.04 volts 
Average Heater Temperature, TH 
OF 171 271 324 242 277 380 422 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-230 -213 -206 -219 -216 
-207 
-211 OF 
Power Supplied to Test Section 26645 30030 32209 28406 30526 24171 36522 Btu/hr sq ft 
Heat Loss through Backing 4807 5801 6365 5542 5907 7036 7596 Btu/hr sq ft 
Temperature Difference, ~T 491 591 OF (TH :- TB) 645 563 597 700 743 
Boiling Heat Flux, Q/A 
21838 24229 25844 22864 24619 27135 28926 Btu/hr sq ft 
Heat Transfer Coefficient, h 


















EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 29 DATE 2/28/69 REFERENCE JUNCTION -320 7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. Heater Angle: 90° 
Run No. 9 10 11 12 
Current 
amperes 166 170 176 167 
Voltage Drop across Heater 
2.91 3.00 3.09 2.95 volts 
Average Heater Temperature, TH 
OF 354 414 454 345 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-222 -225 -221 -231 OF 
Power Supplied to Test Section 33938 35830 38208 34611 Btu/hr sq ft 
Heat Loss through Backing 6905 7667 8097 6911 Btu/hr sq ft 
Temperature Difference, AT 674 735 775 666 
°F (T - T ) H · B 
Boiling Heat Flux, Q/A 
27033 28163 30111 27701 Btu/hr sq ft 
Heat Transfer Coefficient, h 




Gross Rea t Flux Q/A 




























CORRECTED DATA AND RESULTS TABUlATION SHEET 
29 DATE 2/28/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft l\T (TH - TB) 
104 4073 425 
143 4463 464 180 4835 500 
213 . 5189 534 
244 5525 565 273 . 5842 593 298 6141 619 
321 6422 642 
342 6685 663 
360 6929 680 
375 7155 695 
387 7363 708 
397 7552 717 404 7723 724 408 7876 729 410 8011 
408 730 8127 729 405 8225 725 398 8305 719 389 8366 no 378 8410 698 363 8434 684 J46 8441 667 326 8430 647 304 8400 625 
.. 
Heat Transfer Coefficient h 
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EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 30 DATE 2/28/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. Heater Angle: 
~-------- -
90° 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 147 152 153 146 158 164 170 164 
I 
Voltage Drop across Heater 
2.60 2.71 2.73 2.58 2. 77 2.93 3.05 2.90 volts 
' 
I . Average Heater Temperature, TH 
144 209 220 133 224 346 4o6 322 
I 
I OF 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 I -320.7. 
Backing Temperature, 
-249 -243 -241 OF -249 -240 -231 
-224 -231 
I Power Supplied to Test Section 
26464 30748 33759 36427 33414 I 268)2 28940 29345 Btu/hr sq ft 
Heat Loss through Backing 
4715 5430 5535 4587 5566 6916 7556 6626 Btu/hr sq ft 
I 
I 
Temperature Difference, bT 
454 545 666 727 642 I 464 530 541 OF (T - T ) H · B 
Boiling Heat Flux, Q/A 22137 23510 23810 21877 25182 26843 28871 26788 Btu/hr sq ft 
Heat Transfer Coefficient, h 







EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 30 DATE 2/28/69 REFERENCE JUNCTION -320.7~ 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 0 90 
Run No. 9 10 ll 12 
Current 
amperes 171 177 182 175 
Voltage Drop across Heater 
volts 3.01 3.18 3.25 3.11 
Average Heater Temperature, TH 
OF 371 478 524 423 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-227 OF -216 -213 -221 
Power Supplied to Test Section 36161 39544 41556 38237 Btu/hr sq ft 
Heat Loss through Backing 7176 8328 8836 7731 Btu/hr sq ft 
Temperature Difference, ~T 692 798 844 744 OF (T - T ) H - B 
Boiling Heat Flux, Q/A 28985 31216 32720 30505 Btu/hr sq ft 





. TEST NO. 
Gross Rea t Flux Q/A 




























CORRECTED 01\TA AND RESULTS TABUlATION SHEET 
30 DATE 2/28/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft t,T (TH - TB) 
92 4147 413 
120 4455 441 
148 4758 469 
176 5058 497 
203 ' 5354 524 
230 5645 551 
?.57 5933 577 
283 6217 603 
309 6497 629 
334 6773 655 
3S9 7045 680 
384 7314 705 
408 7578 729 
432 7838 753 
456 8095 777 
479 8347 Boo 
502 8596 823 
525 8841 846 
547 9081 868 
569 9318 890 
591 9551 912 
612 9780 933 
633 10005 954 
'654 10227 974 
674 10444 995 
' . 
Heat Transfer Coefficient h 
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BOILING RESEARCH 
EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. l DATE 3/1/69 REFERENCE JUNCTION -320 7~ 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3_._5_in_.__~_ _ ____ ... Heater Angle: 100 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 142 144 153 149 156 160 165 159 
Voltage Drop across Heater 
volts 2.50 2.57 2. 73 2.65 2.75 2.84 2.94 2.80 
Average Heater Temperature, TH 
OF 217 190 250 238 276 277 280 256 
Average Bulk Temperature, TB 










Power Supplied to Test Section · 
Btu/hr sq ft 24941 26000 29345 27740 30140 31924 34081 31278 
Heat Loss through Backing 
5550 5247 5875 5805 6200 6143 6133 5943 Btu/hr sq ft 
Temperature Difference, ~T 
538 510 571 559 597 598 601 576 OF (TH -:- TB) 
Boiling Heat Flux, Q/A 
19391 20753 23470 21935 23940 25781 27948 25334 Btu/hr sq ft 
Heat Transfer Coefficient, h 






EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 31 DATE 3/1/69 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3.5 in. 
Run No. 9 10 11 12 
Current 
amperes 168 170 176 171 
Voltage Drop across Heater 
volts 2.95 3.01 3.12 3.01 
Average Heater Temperature, TH 
OF 288 292 333 314 
l 
Average Bulk Temperature, TB 
OF 
-320.7 -320.7 -320.7 -320.7 
[ Backing Temperature, 
OF 
-234 -227 -230 -238 
Power Supplied to Test Section 
Btu/hr sq ft 34819 35950 38579 36161 
Heat Loss through Backing 
6269 6232 6755 6623 Btu/hr sq ft 
Temperature Difference, 6T 
609 613 654 635 OF (TH ~ TB) 
Boiling Heat Flux, Q/A 
28550 29718 31824 29538 Btu/hr sq ft 
Heat Transfer Coefficient, h 46.0 48.5 48.7 46.5 Btu/hr sq ft °F 










































. TEST NO. 
Gross Heat Flux Q/A 





























CORRECTED DATA AND RESULTS TABUlATION SHEET 
31 DATE 3/l/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft ~T (TH - TB) 
I 
214 5892 535 
218 5784 538 
222 5707 543 
228 5661 549 
235 . 5645 555 
243 5661 563 
252 . 5708 572 
262 5785 583 
273 5894 594 
286 6033 606 
299 6203 620 
314 6405 634 
329 6637 650 
346 6900 667 
364 7194 685 
383 7519 704 
403 7875 724 
424 8262 745 
447 8680 767 
470 9129 791 
495 9609 815 
520 10120 841 
547 10661 868 
. 575 11234 895 6ou 11837 924 
.. 
Heat Transfer Coefficient h , 
































EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 32 DATE 3/1/69 REFERENCE JUNCTION -320.7or 
FLUID Nitrogen 
HEATER Material: Incone1-600 Size: 2 x 3_0 il'l.___ __ .__ _Heater Angle:_ 60° 
Run No. 1 2 3 4 5 6 7 8 
Current 
amperes 149 150 155 152 156 158 163 162 
Voltage Drop across Heater 
volts 2.89 2.98 3.05 2.99 3.05 3.12 3.24 3.18 
Average Heater Temperature, TH 
OF 132 210 270 162 188 280 333 221 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 -320.7 
Backing Temperature, 
-255 
-253 -246 OF -252 -249 -245 -240 -243 
Power Supplied to Test Section 30253 31404 33213 Btu/hr sq ft 31930 33428 34633 37103 36193 
Heat Loss through Backing 4646 5554 6200 4962 5234 6296 6872 5570 Btu/hr sq ft 
Temperature Difference, 6T 452 531 591 482 508 601 654 542 OF (TH :- TB) 
Boiling Heat Flux, Q/A 25607 25850 27014 26967 28194 28337 30231 30623 Btu/hr sq ft 







EXPERIMENTAL DATA AND UNCORRECTED RESULTS TABULATION SHEET 
TEST NO. 32 DATE 3/l/69 REFERENCE JUNCTION -320.7°F 
FLUID Nitrogen 
HEATER Material: Inconel-600 Size: 2 x 3.5 in. Heater Angle: 60° 
Run No. 9 10 11 12 
Current 
amperes 167 168 173 170 
Voltage Drop across Heater 
3.28 volts 3.29 3.40 3.35 
Average Heater Temperature, TH 
OF 253 349 430 306 
Average Bulk Temperature, TB 
OF -320.7 -320.7 -320.7 -320.7 
i Backing Temperature, 
-239 -237 -232 -239 I OF 
Power Supplied to Test Section 38483 38832 41324 40010 Btu/hr sq ft 
Heat Loss through Backing 5905 7025 7948 6537 Btu/hr sq ft 
Temperature Difference, ~T 574 670 751 627 OF (T - T ) H - B 
Boiling Heat Flux, Q/A 32578 31806 33376 33473 Btu/hr sq ft 
Heat Transfer Coefficient, h 
56.8 47.5 44.4 53.4 Btu/hr sq ft °F 




. TEST NO. 
Gross Heat Flux Q/A 





























CORRECTED DATA AND RESULTS TABULATION SHEET 
32 DATE 3/1/69 
Heater Temperature Heat Loss Through Backing Temperature Difference 
OF Btu/hr sq ft b.T (TH - TB) 
104 4510 425 
115 4598 436 
127 4697 447 
139 4807 460 
152 . 4928 472 
166 5059 486 
180. 5202 501 
195 5355 516 
211 5519 532 
228 5693 549 
2 ).!6 5879 566 
264 6075 584 
283 6282 603 
303 6500 623 
323 6728 644 
344 6967 665 
366 7218 687 
389 7479 no 
413 7750 733 
437 8033 758 
462 8326 783 
488 8630 809 
514 8945 835 
542 9271 862 
570 9607 891 
' . 
---- -- -
Heat Transfer Coefficient h 




























STATISTICAL DATA ANALYSIS 
109 
TABLE XXXVI 
NITROGEN HEATER ANGLE = 0 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= 
-O.ll311246E 05 A( U= 0 .76424805E 04 A( 2)= 
-0.31043677E 03 
DELTA T HEAT FLUX CALC. HEAT FLUX ~ DEVIATION H 
0.5500COCCE 03 O.l'3ACOOOuE 05 0.21353801E 05 
-13.5840 34.1818 0.56999976E 03 O.l9500000E 05 0.22080539E 05 
-13.2335 34.2105 0.5~999976E 03 0.2C300000E 05 0.22f321262E 05 
-12.4200 34.4J69 0.609Q9976E 03 O. 211 OOOGOE 05 0.23570926E 05 
-11.7105 34.5902 0.62R99Q76E 03 0.21800COOE 05 0.24286727E 05 
-11.4070 34.6592 0.64899976E 03 o.226oooouE os 0.2503909AE 05 
. -10.7925 34.A228 0.66799976E 03 0.23400GOOE 05 0.25748l56E 05 
-10.0349 35.0299 0.68609976F 03 0.24200000t 05 0.26447285E 05 
-9.2863 35.2256 0.70599976E 03 0.25000000[ C5 0.27132047E 05 
-8.52A2 35.4103 0.72';CCCCOE 03 0.25800COOE 05 0.27798129( 05 
-7.7447 35.5862 0.74390976E 03 0.26600000E 05 0.28441035E 05 
-6.9212 35.7527 0.76l99976E 03 0.27400000E 05 0.29024R71E 05 
-5.9302 35.9580 0.7AO<J9976E 03 0.28200000E 05 0.29610262E 05 
-5.00C9 36.1076 0.79q9Q976E 03 0.2A900000E 05 
·· 0.3013l617E 05 
-4.2617 36.1702 0.81699976E 03 0.29800GCOE 05 0.306l6953E 05 
-2.7415 36.4749 O.A3::\99976E 03 0.30600000E 05 0.31038941E 05 
-1.4344 36.6906 0.8519Q976E 03 0.3130COOOE 05 0.31443437E 05 
-0.4583 36.7371 0. 86 899976E 03 0.32200GOOE C5 0.31782437E 05 1. 2968 37.0541 0.8A699976E 03 0.33CiOOOOOE 05 0.32092062E 05 2.7513 37.2041 '.).9039C)976E 03 0.33AOOCOOE v5 0. 323 34750E 05 4.3351 37.3894 0.50390976E 03 O.l9900000E 05 0.19763301E 05 0.6869 39.4841 -· 0.51899976E 03 0.20700000E 05 0.20266992E 05 ·-··-·· ·-. 2.0918 ...... 39.8844 0.53399976E 03 0.21500000F. 05 
· O. 20785914E 05 3.3213 40.2622 o.sc;oooooc,e 03 0.22300000E 05 0.21353801F. 05 4.2430 40.5454 0.566~9976E 03 0.2310COOOE 05 o.219705ooe 05 4.8896 40.7408 0.58199976E 03 0. 2 390COOOE 05 0.2259784 1tE 05 5.4484 40.9247 0.60099976E 03 0. ?4700000E C5 0.23232812E 05 5.9400 41.0982 0.61999976E 03 0.25500000~ 05 0.23~09844E 05 6.2359 41.1955 0.63699976E 03 0.263COOOOE 05 0.24588086E 05 6.5092 41.2873 0.6559Q976E 03 C. 27000000E 0'5 0.25301184E 05 - .. ·- 6.2919 41.1585 0.6750000C.E 03 0.278COOOOE 0'5 0.26007121E 05 6.4492 41.1852 0.69499976E 03 0. 28600uCJE 05 0.26737629E 05 6.5118 41.1511 0.71499976E 03 0.2930COOOE 05 0.27450109E 05 6.3136 40.9790 f-J 0.73599976E 03 0.30100000E 05 0.28173441E 05 6.40Ci5 40.8967 f-J 0.75699976E 03 0.30900000E 05 0.28865395E 05 6.5845 40.8190 0 O. 77799976E 03 0.31600000E 05 0.29520125E 05 6.5819 40.6170 
NITROGEN HEATER -ANGLE .. 0 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= 
-O.ll311246E 05 
A( l)= 0.76424805E 04 
A( 2)= 
-0.31043677E 03 
DELTA T HEAT FLUX CALC. HEAT FLUX %DEVIATION H 
O'.BOOOOOOOE 03 0.32400000E 05 0.3015CJ594E 05 6.9148 40.5000 O.A2299976E 03 0.33lOOC:OOE 05 0.30770125E 05 ·-- ---· 7.03A9 --- 40.2187 O.A4'i99976E 03 0.33900000E 05 0.31313621E 05 7.6294 40.0709 0.86899976E 03 0.34600000E 05 0.31782437£ 05 8.1432 39.8159 0.52'599976£ 03 O.l9300000E 05 0.20507406E 05 
-6.2560 36.6920 0. 5 3299976E 03 0.2C2COOOOE C5 0.20750902E 05 
-2.7272 37.89A7 0.54l99976E 03 0.2llOGOOOE G5 0.21068172E 05 0.1508 38.9299 0.55299976E 03 0.22GCOOCOE 05 0.21461703E 05 2.4468 39.7830 0.5~499976£ 03 0.22800000E 05 0.21897336E 05 3.9591 40.3540 0. 57 '\99976E 03 0.23700000E 05 0.22412445E O'i 5.4327 40.9326 0. 59390976E 03 0.24500000E 05 0.22970637E 05 6.2423 41.2458 0.61099976E 03 0.25300000E 05 0.2360R562E 05 6.6855 41.4075 0.62 899976E 03 0.26100000E 05 0.24286727( 05 6.9474 41.4944 0.64A99976E 03 0.268COOOOE 05 0.25039098E 05 6.5705 41.2943 0.67)99976E 03 0.27600000E 05 0.25859324£ 05 6.3068 41.1326 0.6'>399976E 03 0.28300000E 05 0.26701461E 05 5.6485 40.7781 0.7l999976E 03 0.29000000E 05 0.27590047E 05 4.8619 40.3338 C.14599976E 03 0.29700000E 0'5 0.2A507l99E 05 4.0162 . - . 39.8123 O. 77399976E 03 o.~ozoooooE cs 0.2939R512E 05 2.6539 39.0181 O.R0299976E 03 0.31000000F 05 0.30242793E 05 2.4426 38.6052 0.83399976E 03 0.31600000E 05 0.31038941E 05 1. 775 5 37.8897 0.86699Q76E 03 0.32200000E 05 ··- 0.31744812E 05 
'"* ···-· 1.4136 37.1396 0.90099976E 03 0.32800000E 05 0.32295562E 05 1.5379 36.4040 0.93699976E 03 0.33300000E 05 o.32655812E os 1.9345 35.5390 0.622()9976E 03 0.73300000E 05 0.24060570E 05 
-3.2642 37.3997 0.64799976E 03 0.24100000E 05 0.25001539E 05 
-3.7408 37.1914 0.67l99976E 03 0.24800000E 0'5 0.25896348E 05 
-4.4208 36.9048 0.69599976E 03 o. 755oooooE or; 0.2677370-,E 05 
-4.9949 36.6379 0.11 799976E 03 0.262CGOOOE 05 0.27555211E 05 
-5.1726 36.4902 0.7399Q976E 03 0. 26 900000E 05 0.2810784RE 05 
-5.2336 36.3513 0.76099976E 03 0. 2750C OOOE OS 0.28993156E 05 
-5.4297 36.1367 0.77999976E 03 0.28100000E OS 0.2958034BE 05 
-5.2681 36.0257 0.79'399976E 03 0. 28600000E 05 0.3013l617E 05 
-5.3'553 35.7948 0.81699'>76E 03 0.29100000E 05 0.30616953E 05 
-5.2129 35.6181 O.R3499976E 03 0.29600000E 05 0,31062S78E 05 
-4.9411 35.'t491 I-' 0,8S099976E 03 C. 301 OOOOOE 05 0.31422125E OS 
-4.3924 35.3701 I-' 
.Q. 86599976E 03 0,30500000E 05 0.31725750E 05 









NITROGEN HEATER ANGLE = 0 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= -O.ll311246E 05 
A( 1)= 0.76424805E 04 
A( 2)= -0.31043677E 03 
HEAT FLUX CALC. HEAT FLUX 
-
C.~f'Cl0CCO'.ll= '2'5 0.11.QC'14f,A7F.: 0'5 
Q.3l?t:'('(l')t:'~ 05 O.l21Q~l~5F 05 
o.~J-;oonoo~ oc; 0.3?.3723751: 05 
C.3t~0f'r)0'J~ C'5 o.1~5n6tR7~ oc; 
O.~?lOOOOOE Cr5 11.1250706?F 0'5 
o.3?1oooooJ: cr; 0.32668562F r>5 
n.'32500000E os 0.32720000F 05 










DEGREE = 2 
H 
35.r.73R 









NITROGEN HEATER ANGLE • 30 
LEAST SQUARES POLY COEFF. ARE: 
AC 0)= 0.78ll7617E 04 AC U= 0 .3C405037E 04 
·DELTA T HEAT FLUX 
- CALC. HEAT FLUX I DEVIATION H 
0.59199976E 03 0. 23200000E 05 0.25827594E 05 
-11.3258 39.1892 0.6ll99976E 03 0.24000000E 05 0.26445918E 05 
-10.1913 39.2157 0.63l99976E 03 
. 0. 24AOOOOOE 05 0.2706207RE 05 
-9.1213 39.2405 0.65199976E 03 0.25500000E 05 0.27676074E 05 
-8.5336 39.llu4 0.67l99976E 03 0.26300000E 05 0.28287902E 05 
-7.5586 39. 1369 0.69199976E 03 0.27lOOOOOE 05 0.28B97566E 05 
-6.6331 39.1618 0.71299976E 03 0.27900000E 05 0.29535387E 05 
-5.8616 39.1304 0.7329CJ976E 03 0.28600000E 05 0.30l40617E 05 
-5.3H68 39.0177 0.7529Q976E 03 0.29400000E 05 0.307436B4E 05 
-4.5704 39.0438 0.77 399976E 03 0.30200COOE 05 0.31374570E 05 
-3.8893 39.0181 0.7919CJ976E 03 0.309000uGE 05 0.31973195E 05 
-3.4731 38.9lo9 0. fH499976E 03 0.31700000E 05 O. 32599422E 05 
-2.8373 38.8957 0.83599976E 01 0.324COOOOE 05 o.31223262E 05 
-2.5409 38.7560 O.t'5699976E 03 0.33200000E 05 0.33B44723E 05 
-1.9419 38.7398 0. 87 799976E 03 0.34GOOOOOE 05 O. 34463789E 05 · .... 
-1.3641 38.7244 O. ~989Q976E 03 0.34700000E 05 0.35080473E 05 
-1.0965 38.5984 0.91999976E 03 0.35500COOE 05 0.35694770E 05 
-0.5486 38.5870 0.94099CJ76E 03 0. 3620COCOE 05 0.363C6680E 05 
-0.2947 38.4697 0.96199976E 03 0.37000000E 05 O.l6916203E 05 0.2265 38.4615 0.9A199976E 03 C. 37700000E 05 0.3755219lE 05 0.3921 38.3130 0. 40 699976E 03 0.205000GOE 05 0.2000548AE 05 2.4123 50.3686 0.4250CCOOE 03 0.21200000E 05 0.20580102E 05 2.9240 49.8823 0. 44299976E 03 0.22000000E 05 0.2ll52953E 05 3.A502 49.6614 0.45999976E 03 0.22800000E 05 0.21692371E 05 4.8580 49.5652 0.47699976E 03 0.236000COE 05 0.22230230E 05 5.8041 49.4 759 0.4~?99976E 03 0. 24400000E 05 0.22735016E 05 6.8237 49.4929 0.50ACJ9CJ76E 03 0.25300000E 05 0.23238422E 05 8.1485 49.7053 0.52399976E 03 0. 261 OOOOOE 05 0.23709105E 05 9.1605 49.8092 0.5339Q976E 03 0.2690COOOE 05 0.2417A570E 05 10.1168 49.9073 o.55299976E 03 0.277000COE 05 0.7.461564lE 05 11.1349 5u.0904 0.56699976E 03 0.28600000E 05 0.2505l648E 05 12.4068 50.4409 0.57999976E 03 0.29400000E 05 0.25455562E 05 13.4165 50.6897 0.59299976E 03 0. 30200000E 05 0.25858566E 05 14.3756 50.9275 0.60499976E 03 0. 311 OOOOOE 05 0.26229750E 05 15.6600 51.4050 0.61699976E 03 0.31900000E 05 0.26600160E 05 16.6139 51.7018 1--' 0.62799976f 03 0.328000COE 05 8•26939020E 05 17.8688 52.2293 1--' 0.63899976E 03 0.33600000E 05 
_ • 27277223E 05 18.8178 52.5822 w 
NITROGEN HEATER ANGLE .. 30 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= 0.78117617E 04 
A( 1)= O.J040SOJ7E 04 
DELTA T HEAT FLUX CALC. HEAT FLUX % DEVIA 'I'I ON H 
-n • 6 't ~ o o o 7 ~,:: I) 3 C. ~4'lQ(lQ('H)~ 0'5 (l.2751'l4ll3F. 0'5 2('.14~') "~·l'>R7 0.65P.Q0 97~F OJ r).3'>'•r:'O"OOF or; 0.27~Q')461F 0'5 71.~1~4 '53.7l7A n. ~,., 7qcn761= 0~ C'.~~2C'OI)C~~ 0'5 O.?~l~'57tlr: t''5 ??.194~ 'i4.1Q16 r:'.'H7ooo7ft~ rn r).ta~I)~OOO~ oc; 0.215;;J(FH7F Oil -21."7~3 17.25'37 ('1. '511000 7F-C: f)~ C.701CC'CO'J~ 0'5 0.:?4":??~1'5( Oil -1Q.'5}V; 17. f.,'t') 5 (l.r;c;qqocn6~= 01 0.2C'Q(l(lf'(lf)r 05 0. 21+'>'>3?.6AI= C'l 
-! 7. '• 70 7 ~7.q11(1 ".'51.,700076f 0~ r.?t~C'('nl)a~= rc; Q,2'll)q'>7'5CF 0'5 -15.05~5 1!:!.1n~n 
"•5q4ooo7A': Ol o.?2floonc')~ or; 0.,'5610,7::!1: O'l -1~.1?.1C, ~~.632'5 O.I,!"?QCII17F-F. 0~ 0.?34C('(l('QC 05 C.?6l67QI+lF O'l -11.'32~~ 3q.f3:'60 (\.f,'>"0007AI= 01 0.?4?~nC'DOr: ()c; r.. 2F-7?3't'PJ: 0'5 -1~.4,75 1q.Of.,C')4 n.~'logoq7f.,F o~ r."?4ClOOI'C'OF rc; o.271r.7o17s: cc; -0.~704- 3q.or:'1.,'3 o.~c;qqoo76r:: 03 0. ''HC'OnO')~ rp; o. 271'la!H61 F nc; 
-R.'l?12 3q.qqq5 r.'>79oao76~ 01 o.?,..'5f'nnonF 0'5 n.?R5C'!"11F 05 -7.'55?q ~9.(1?~0 C'.6Cl'3000761: 03 0.2710Ct:'C'Ot 05 o.~ott044lF 0r; 
-6.6316 ~1.Cc;r;P C'l.7l1QOQ7,_E 03 n.~qlCIJ001)F 05 C.207474n'iF 05 -?.A~?~ ~Q.:J?7A C.74')ooQ76~ 03- C'.2R~onr,nc: "5 o.~o3q7102~ 05 -5.49~4 ':\1:!.~~64 0.761QCIQ 7 6E 0' O.~o"('OCOOI= 05 0.310141'5'?1:= O'i -4.77~2 3~.84'57 0.7q~qoo76E (')3 0.~070000~F 05 0.31674148~ 1)'5 -4.~913 313.5204 ('.R:)f-.QOQ76S:: 1)3 o.:H101"""0f rc; o.~?3~1141E 05 -4.:)551 3'3.'>37A O.R~o9oo76E 0" O.~lP.CCOOO'= 05 'J.~~r'4'i?ft6'.: as -~.915:') ~'3.1131 D.RI)?Q9076f: 0~ o.~7.60C'000E cc; 0.33776'5311: 05 -3.45'5S 3q.?1Rl (I.A7f.,<J<?976F 03 0.'31'JCCOOI= cc; 0.1441416~r: O'i 
-3.4')6'5 37.CHQ4 O.<l0t<Jao7~E 0':\ 0. 31~ Q OOOOOE ("5 0.3.,16~':\7'5r: 05 
-3.4364 37.694') C."~O<)ClQ76F 01 C.?1~~0CNH~~ (\ll 0.25't~6'5Q9E 0'5 -11.q:nc; 37.1773 O•""""C'"COF Q':\ 0.7?~~0000F CS 0.261J75l97S: 05 
-16.9?91 37.1667 ~.6}qQQ076t 0~ 0.21lN'OOOE f''i Q,?M,6lR?4F O'i -1'5.41~1 37.3lA3 c.,:t600Q76~ 01 0.?3Q0CC'CIJE 05 0.?.7~l5781F 0'5 -13.q71~ 37.5106 O. "'i'+Cl<lC)7f>E 03 o. 24 7C'riQOOF O'i 0.277t,79A4F OS 
-17.421) 17.7')99 {'1.~7~aQ07f,E 03 1).?'5'\'100001= 0'5 0.2R3lq437E 015 
-11.:)527 37."000 0.6~<lC)007(,r: 0~ C'.263r.onoo~ 05 0.28RJ6701E 05 -Q.~4'5~ 3~.1160 ('.7Qt,QOQ7ftl= 03 o.27100000E oc; 0.?03'51~C}9F O'i 
-8.3151 38.3310 0. 7'? 'qqcn615 03 o.?.SOC()OOnF r.5 O.?Q~f)R5':\tF O'i -ft.~7V\ 3q.5740 0.739Qoq76E 03 c.2~~oor.ooF cc; O.l0l51<>l4F: 0'5 
-5.l8A7 ~'3.QtRQ 0.7I)~OC)Q76J: 0~ O.:?Q~('QOO')r= or; o.~o~6403'5F or; 
-4.2 70'• 39.1~17 r).77l9~C}76t- ')~ (' .lO'tC'OOOOF cc; o.1lll45J:46F. or; -l.OO~'i 3a.l7R1 ..... 1-' 0.7R7QQ~7t-.~ ~l f:\.3llOOOOOF or; 0.31793A3?E 0'5 
-1.5777 39.7208 +:-o.~~l99CJ76F 03 0.32100000E 05 0.322120'3()E 05 -0.~49J 40.0?49 
-
NITROGEN HEATER ANGLE "' JO 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= 0.78117617E 04 
A( l)= O.J04050J7E 04 
DELTA T HEAT FLUX CA~C. HEAT FLUX 
o.~1699976E 03 0.33COOOOOE 05 O. 3265 A941 E 05 C.83099976E 03 o.33qooocoe 05 0.33074949E 05 0. 81t499976E G3 0. 34 7000COE 05 C.3348<7895E 05 0.85399976E 03 0.35500000E C5 0.339037RlE 05 o.~719997nE 03 0.364COOOOE C5 0.34287156E 05 O.BR49~976E Ol 0.37300GOOE 05 0.3'-t669613E 05 0 • 5 v. 9 9 976 E 0 3 0.191COGOOE 05 0.24053496E 05 0.'53799CJ76E 03 0.202COOOOE C5 0.2'+147309E 05 0.54290976E Ol 0.21300000E 05 0.243035551:: 0'> 0.'54199976E 03 0.223COCOOE C5 0.24490~H1E 05 0.55499976F. OJ 0.234COOOOE 05 C.24677992E 05 0.56:?99976E 03 C.2430COOOE 05 0.24927184E 05 C. 57199976E 03 0.25300GOOE 05 0.25207l05E 05 0.582Q9976E 03 0. 262 uOOOC;E 05 0. 2 55 4 8 64 5 E 0 5 0.593C)9976E 03 0.2710COCOE 05 o.2ssa9523E 05 0.605QC)q76E 03 0.28COOOOOE 05 0.2626064BE 05 0.6199C)976f 03 0.28800COOE 05 0.26692645E 05 0.633C}C)C)76E 03 o. zqoogooof 05 0.27123574E 05 G.65000000E 03 0.3040 OOOE 05 0.27614773E 05 0.66699C)76E 03 0.31100000E 05 0.2Bl35148E 05 C.6R499'176E 03 0.31800000E 05 0.2B684434E 05 0.7ClQ9976E 03 o.32soooooE 05 0.29262332E 05 0.72399976E 03 0.33100000E 05 0.29868531E 05 0.74499976E Ol 0. 33700000E 05 .0.30502715E 05 0.76699976E 03 0.34300000E 05 0.3ll64535E 05 0.79099976E 03 0.34900000E 05 0.31883539E 05 

























9ol4j3 8.64 2 
































NITROGEN HEATER ANGLE a 60 
LEAST SQUARES POLY COEFF. ARE: 
A( OJ= 
- 0 • 5 f4 5 2 3 0 5 E 0 4 
A( 11= o.7247ososF. 04 A( 21= 
-0.25ll7821E 03 
DELTA T HEAT FLUX CALC. HEAT FLUX ¥ DEVIATION H 
O.'i4599976E 03 O. 23800uOOE 05 0.26119910E 05 
-9.7475 43.5898 0.5629Qq76E 03 0.246COOOOE 0'5 0.26863246E 05 
-9.2002 43.6945 0.5799Qq76E 03 0.25500C00f 05 0.27623977E 05 
-8.3293 43.q655 0.5Q799976E 03 
· 0.263GOOOOE 05 0.2H44223CE 05 
-A.l454 43.9799 0.614Q9q76E 03 0. 271 OOOOOE 05 0.29221363E OS 
-7.8279 44.0650 C.6.~299976E 03 0.27900000E 05 0.30046668E 05 
-7.6941 44. u 7'> 8 Q.650JCOCGE 03 C. 28 700000E C.5 0.30820758E 05 
-7.3894 44.1538 0. 66 799 976E 03 0.2Q60GOOOE 05 o.3162S320E 05 
-6.8524 44.3114 0.6B5QQQ76E 03 0.30300000f 05 0.32417062E 05 
-6.9870 44.1691 0.703<10Q76E 03 0.312CCOOOE 05 0.33180355E 05 
-6.3473 44.3182 C.77l99Q76E 03 0.32000000E 05 0.33911937E 05 
-5.9748 44.3213 0.73999976E 03 0.32800000E C5 0.34604750E 05 
-5.5023 44.3243 0.7':1799C)76E 03 0.3~60000CE 05 0.35252687E 05 
-4.9187 44.3272 0.77flfJQC)7~E 03 0.34400COOE 05 0.35880375E: 05 - -. 
-4.3034 44.2729 0.79599976E 03 0.35100000E 05 0.36442812E 05 
-3.8257 44.0955 0.8139997f>E 03 0.15900COOE 05 0.369G8625E 05 
-2.8095 44.1032 0.8329CJQ7(>f= 03 0.36700000E 05 0.373218l2E 05 
-1.6943 44.0576 O.R51<l9976E 03 0.37500000E 05 0.37647062E 05 
-0.3922 44.0141 O.R7099976E 03 0.38200000E 05 0.37876625E 05 0.8465 43.8576 0 • 8 B ·) 9 9 '1 7 6 E 0 3 0.39000000F 05 o.38u02687E o5 2.5572 43.8202 0.42399976( 03 0.20500000E C5 0.21792066E 05 
-6.3028 48.3491 0.44B99Q76E 03 C.?l20COCOE 05 0.22483129E 05 
-6.0525 47.2160 0.47199976E 03 0.22COOCOCJ: 05 0.23223367E 05 
-5.5608 46.6102 0.49499976E 03 0.22800000E 05 0.2404g617E 05 
-5.4808 46.0606 0.5159097hE 03 0.235000COE 05 0.24d67547E 05 
-5.8193 45.5426 0.53699976E 03 0.24"30UOCOE 05 0.2513'>324E 05 
-5.9067 45.2514 0.'5569Q976E 03 0.2'>GOOOCOE 05 0.26598617( 05 
-6.3945 44.8833 0.57'>99976E 03 0.25900000E 05 0.27443680E 05 
-5.9602 44.9653 0.592QQQ76E 03 0.26700000E 05 O.ZA213980E 05 
-5.6 7 03 45.0253 0.609Q9976t 03 0.27500000F 05 o.28991906E os 
-5.4251 45.0820 0.62599'176E 03 0.2A3GOOOOE C5 0.29726020E 05 
-5.0389 45.2077 C.b4099976E 03 0.2~8CCOOOE 05 0.304ll969E 05 
-5.5971 44.9298 0.6'i599976E 03 0.300COOOOE 05 0.31091645E 05 
-3.6388 45.7317 0.66899(H6E 03 0.30800000E 05 0.316726b8E 05 
-2.8333 46.0389 O.b809997hE 03 0.31700000E 05 0.32200l87E 05 
-1.5779 46.5492 1-' 0.69299976E 03 0.32500000E 05 o.~j717~97E 85 -0.6686 46.8976 1-' 0'\ 0.70299976E 03 0.33400COOE 05 O. 138 23E 5 0.7823 47.5107 
NITROGEN HEATER ANGLE • 60 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= 
-9.5645230SE 04 
A( l)= 0.72470S08E 04 
A( 2)= 
-0.25117821E 03 
DELTA T HEAT FLUX CALC • HEAT FLUX %DEVIATION H 
U.71299976E 03 O. 343000COE 05 0.33550562E 05 2.1849 48.1066 0.72099976E 03 0.35200COCE 05 0.3V3721A7E OS 3.7722 48.8211 0.72B99976E 03 0.~61GOOCOE 05 0.34186250E 05 5.3012 49.5199 0.46699976E 03 0. 200 OCGOOE U5 G.23G54625E 05 
-15.2731 42.8266 0.47399976E 03 0. 209 GCCOOE 05 0.23291926E 05 
-11.4446 44.0928 0.481Q9q76E 03 0.21800000E 05 0.23572773E 05 
-8.1320 45.2282 0.49099976E 0~ 0.?27GOOOOE 05 0.21900344E 05 
-5.2979 46.2322 0.50l99976E 03 0.236COOOOE 05 0.2431607RE 05 
-3.0342 47.0120 0.5l499976E 0~ 0.24500000~ 05 0.24827379E 05 
-1.3362 47.5728 0.52!19997f,E 03 0.25300000 05 0.25399488E 05 
-0.3932 47.8261 0.544Q997AE ~3 0.26200000E 05 0.26076840E 05 ().4701 4B.0734 0.5h19C)076E 03 0.270CCOOOE 05 0.26819016E 05 0.6703 48.0427 0.580Q9CH6E 03 0.27800000E 05 0.27669l64E 05 0. 4 706 47.8486 C.6.J099976E 03 0. 285C0000E 05 0.28579461E 05 
-0.2788 47.4210 C.62299Q76E 83 0.29300000E 05 0.29588461E 05 
-0.9845 47.0305 0.64599976E 3 0.30000000E 05 0.3063934BE 05 
-2.1312 46.4396 · 0.67099976E 03 0.30ROOOOOE 05 0.31761258E 05 
-3.1210 45.9016 0.6979Q976E 03 0.31500000E 05 0.32929211E 05 
-4.5372 45.1290 0.72599976E 03 0.322C0000E 05 0.34069375E 05 
-5.8055 44.3526 0.75599976E 03 0.32800GOOE 05 0.35183125E 05 
-7.2656 43.3862 0.79699Q76E 03 0.33500000E 0'> 0.36185062E 05 
-8.0151 42.5667 0.91899976E 03 0.34100COOE 05 0.37025375( 05 
-8.'5788 41.6361 o.es399976E 03 O. 34 700000E 05 0.37675937E 05 
-8.5762 40.6323 0.46599976E 03 0.250COOCOE C,5 0.23021426E 05 7.9143 53.6481 0.48399976E 03 0.25900000F O'i ·8:~~~~£~~~~ 8§ 9.1227 53.8462 0.49799976E 03 0. 26 700000E 05 9.5020 53.6145 0.5149C)976E 03 0.27500000E 05 0.24827179E 05 9.7186 53.3981 0.53199976E 03 0.283000COE 05 0.25524754E 05 9.8065 53.1955 o.55ooooooE 03 0.29100000E 05 0.2629298AE 05 9.6461 52.9091 C.5689Q976E 03 0.2C)900000E 05 0.27130047E 05 9.2641 52.5483 0.5B799C}76E 03 0. 30 700000E 05 0.279864G2E 05 8. 8 391 52.2109 0.6079G97oE 03 0.31500000E 05 0.28900l84E 05 8.2534 51.8092 0.6279Q976E 03 0.3230UOOOE 05 0.29817746E 05 7.6850 51.4331 0.648Q9976E 03 0.33100000E O'i 0.30775457E 05 7.0228 51.0016 0.67099976E 03 0.33800000E 05 0.31761258E 05 6.0318 50.3726 1-' 0.692999 76E 03 0.34600000E 05 0.32717297E 05 5.4413 49.9279 1-' J).71599976E 03 0.35300000E 05 0.33672000E 05 4.6119 49.3017 -.l 
-
NITROGEN HEATER ANGLE • 60 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= 
-0.56452305E 04 
A( 1)= 0.72470508E 04 
A( 2)= 
-0.25117821E 03 
DELTA T HEAT FLUX CJrLC • HEAT FLUX 
"'•7">,~QOQ7f,F f)1 !". 361 Ml0flf1~ 05 0.~45fl74~7F 05 r.. 7~?Qon76r o" C'.3F>RCC'00:')f 0'5 0.354237'50F 0'5 r:-•. 7q7oar,7AF rn o.~7nN'Or:'0J:: 05 0.36?144'37~ 0'5 0.Al?QC'H)7or: 1')3 n.~R1nl"nf)0::= ns ~".3f>RR4'56?r:: 1)5 n.Q170C076F 01 C'. 1o(H'Ot:'C'')r: 05 0."37'tlA?50F 05 C • ~ 6 '• 0 0 0 H~ F 0 3 o.'3071J""O'Jr or, 0.17 1H'tl117r: 0'5 1'1.41'\C)r'IOQ7A~ 'J~ c. ?40CON'n~ nc; C.:>-:t7H,au:r ')'1 ~".'51nann7Ar 0~ r.?c:;Pnoro"r: cc; ".24?77656,:: 0'5 o.c;lc:;oor:qAt: n1 r:'o.:?6600f)0Qf 0'5 0.?4'367'>47C: ')t; 
').'i1100076F 03 l'.?7'10C'0"~"r:: 05 0.2')'5~47'54~ 0'5 J.e;~qnOQ7A~ IJ3 (\ 0 /P1(''1fl('QI= 0'5 n.?6?4n"ia:Jr:: 0'5 0.'1AC)noQ7f)F 01 r.?al'Jcrrcr: cc; O.?f,9Q61R7F O'i o.c:;q,ooa76F 01 O.?aQC'('r)OflE C'i 0.27R04R9RC. 0'5 C.f.t~?00076E 03 O. '3f"'7ClC00ClE 0'5 O.?P67l019': 0'5 C'.f-??ooa76c: n1 0.11500000F ('I) (\ • 2 9 '5 q ~ fdl l f 0 '5 ~.~'t300Q7f.E 0"3 O. 32~0CN'O~ 0'5 o. 'l.n')ti-R'•96f2 0'5 0.6f)~C'IQ'17nF 03 (l.'l,3(\00('0('lr. C'5 0.31404R4or= oc; r.6~60CJ07flC: 03 0.31Pr)(lf)(H)E 05 o.~24flOlA13F os C.7~oooo7f)f 03 r. 34c;ornnoF r111 n.~~4?A12'5c: 05 ('o. 7~?00076': 03 O. ~'i2NH'01F 01) ".1434011?1.: "'5 0.757ono76F 0'3 C'.36noonn('r: oc; 0.3'5~'5~AR7F 01) ~.7q~q~o76F 03 0.3f)70~~00F.: C5 0.16'J654'l,7F 05 O.R')qQOQ76~ 0~ 
"· ~7'•C'nnom= 05 n.1A7~6125F: rc; O.P~4ooo76F 0~ 0.3RlOOnnoF 05 n.1736037'5E or; O.Rr..l9007AE 03 0.3R700000[ C5 0.~77R0'375E 05 0.8ClQQC)Q76E 03 n.~94oooooE oc; 0.38006312E 05 



























































NITROGEN HEATER ANGLE = 90 
LEAST SQUARES POLY COEFF. ARE: 
A( 0)= 
-O.l5255312E 04 A( 1): O.Sl714766E 04 
DELTA T HEAT FLUX CALC. HEAT flUX ~DEVIATION H 
0.51'59<>976E 01 O. 24100000E 05 0.251562AlE 05 
-4.3829 46.7054 0.52899976E 03 0.25000000E 05 0.25826898E 05 
-3.3076 47.2590 0.54199<H6E 03 0.25900000E 05 0.2649775AE 05 
-2.3079 47.7860 0.5'5599976E 03 0.267GOOOOE 05 0.27220508E 05 
-1.9495 48.0216 0.5699Q976E 03 0.27600000E 05 0.27943547E 05 
-1.2447 48.4211 0.58399976E 03 0.284COOOOE 05 C.28666875E 05 
-0.9397 48.6301 C.5<>799976E 03 0.29300000E 05 0.29390496E 05 
· -0.3G89 48.9967 0.61299'H6E 03 0.30lOOOOOE 05 0.30166121E 05 
-0.2197 49.1028 C.627q9976E 03 C.31COOOOOE 05 0.30942JR6E 05 0.1868 49.3631 0.642q9976E 01 0.11AC;OOOOE 05 0.317l8379E 05 0.2567 49.4557 0.65~99976E 03 0.326COOOOE 05 0.32546793E 05 0.1632 49.4689 0.67399976E 03 0.335COOOOE 05 0.33323777E 05 0.5260 49.7033 C.6A999976E 03 C. 34 300000E 05 0.34152922E 05 0.4288 49.7102 0.70699Q76E 03 0.35100000E 05 0.35034312E 05 0.1871 49.6464 0.72199<J76E 03 C.3590COOOE 05 0.35916121E 05 
-0.0449 49.5856 0.739Q~HH6E 03 O.J67COOCOE 05 O.l6746457E 05 
-0.1266 49.5946 O. 75 799Q76E 03 C. 3 7600 OOOE 05 0.37681035E 05 
-0.2155 49.6042 0.7750COOOE 03 0.38400000E 05 0.38564129E 05 
-0.4274 49.5484 0. 79299976E 01 0.39200000E 05 0.3949'7637E 05 
-0.7644 49.432 5 0.81099976E 03 0.40COOOOOE 05 0.40435629E 05 
-1.0891 49.3218 0.425000CCE 03 0.20900000E C5 0.20468988E 05 2.0623 49.1765 0.725000CCE 03 0.33800000E 05 0.35968012E 05 
-6.4142 46.6207 0. 71 899976E 03 0.34700000E 05 0.35656719E 05 
-2.7571 48.2615 0.709qC)976E 03 O. 35600000E 05 0.35189891E O'i 1.1520 50.14()9 0.69799976E 03 0.36600000E 05 0.34567641E 05 5.5529 52.4355 0.68399976E 03 0.376COOOOE C5 0.33841949E 05 9.9948 54.9708 0.41299976E 03 0.209COOOOE 05 O.l9851793E 05 5.0153 50.6053 0.44099976E 03 0.21500000E 05 0.21292238E 05 0.9663 48.7529 0.4689Q976E 03 0.22200000E 05 0.22733840E OS 
-2.4047 47.3348 











Density in (lbs. /cu.!t.) 
m 
PJ. = 50.47 
Pv = ~T , where P is pressure in (lbs.f/sq.ft.), and R = 55.2 
(ft.lbs.f/1bs.m~). The temperature T, is the mean 
temperature the vapor !ilm. (0 R) 
Latent Heat of Vaporization in (BTU/lbs.m}. 
h_tg = 86.0 
h 1 = 86.0 + .224(T + 320), where T is the average temperature fg 
of the vapor film. (<7) 
Vapor Thermal Conductivity in (BTU/hr.ft.or) 
12 
Kvt = (241.9) (6.15) 10-6 T/1 + (235.5/T) (10- ~) 
where T is in °K. 
Vapor Viscosity in (lbs.fhr./sq. ft.) 
See Perry's Handbook 
Surface Tension in (lbs.f/!t.) 
a= 5.67 • lo-4 
122 
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